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TIPOAOfOE

Eqv eploolo zrou aroLoo0ei yivero,r ptc TrpooTrd0ero pe)"eqq trov poorr6tepcov

pe0o6ov unol.oyropou qq 6rivopr'1q rnq rplpng zrou avonrfootrot ora 6ppo).n Ko1 oro

e),adpto rrov eprB6l"rov rcctd r4v L"erroupyicr ptug pTl1ovng eororeprrr'1g rcouor1q. fivetor

ova<popo oroog rp6noog unol.oytopori rou nolouq tou l,wcvrtrou nou nptnet vu, unopler

ovdpeoo on6 nq rcrvor5pweq petcr(ri rouq ezntpdveug 6tot tbote vo 61oupe rrp e)"dXtoa1 6oo
eivor 6uvot6 ovcnnroo6pw4 tpfq Tta rnv rol"r5tepq ror ono8onr6tepq ).ertoup1io.

H avdpcrl uno),oyropori Tng o,vonnroo6psvTlg rpfqq 6yrve oro0r'1rr1 a'tEo fl-C
cr,oroKlTlroBropqlovieq rq te).eoroieg beroedeq 6rov 6ywe eznrorcarrl q av61rr1 otxovopio,c

rou rcouoip.oD, I peirrlorl Trov eKrolrzrirv tcrrv p]"apepiov ouorirv Tro to reprpdL]"ov Ko1 Tl

ovdyrq oroDonr6reprov rcrvqdprov ).6yrrl ovroyovlopori.'Etot to ul,tr6 Tur rtlv olorl,rlpctlotl

oDrrlq trlg epyooiaq tyet azorrrlOei oz16 rwrpo epeuvrrtv ooroKlTlroBtopqlavrrilv rcor on6
peLeteg ernonlp6vov noo 61ouv yiver yu l,olapto,op6 outorwqtopnprllavuirv ror etatprbv

rcerpel,ai<rlv ror l.urovnxrilv. Or nsproo6tepeq 6peuveq nou 61ow fvet paoi(ovro,t p6vo oe
nepoponr6g perprloeq, ro onorel,6opoto etvar rcupioq epnetptro Kot ptropouv vo

ru)norpoTrorq0oriv p6vo yro rqv pqlovrl zrcrvrrl or4v onofo yivovtcrr ot petprloer6. Aut6v tov

rpono nponproriv or ernorr'lpoveg rrrrv ooroKrlroproprllovubv [r€ fipoKrlK6 ozot6].eopa vo

nequpan{ovrcn ndvrD oe rd0e pqlovrl (elcoptotu npw ourrl pyer oto epn6pto. Ot 6pelveg

nou 61ouv yiver ror Sivouv ywrrcd o,note},rloporo TroD proporiv vo eqoppootofv oe peydl"rl

yrcdpo pqlavrilv eivat nol6 6onavrlp6g rcor oqoporiv rqv rp6Xouoo telvol,oyia rot yr' out6 5w

61ouv Tropooolootei ol.orl"qpopweg l.oyrrl ovtoyrovrcpou. llpw npcypotonor40ei ourtl q

epyooicr tyetyivet pel€Tn zolJ"rilv r6rouov pe066<ov rcor e66 61oov em).eyei va o-r-r6ptgo6v rcot

vo, Tropoooroototiv 01zno orSypoveg Kolot rno ol"orc)'qpropweq.
Iqv epyaoto nou orcoLou0ei npw opfoer q pe),6rq trrlv pe065rrlv cutrbv 0o und,p(er

pto ywucrl ovaqopo oro ).tzrovflrd, xur rq 6t6rr1t6q touq 6tot rirore vo 6qptoupyt'10ei pia

ywrr6tepq t66o yc tr1v ra,),ritspr1 rcrav6qorl otrbv fioD TrpoTpotelistor 11 epyoolo.



KEOAAAIO 1.

EIXATf,ITH

To ).rnovttrd zapdyovror cn6 tr1v o,noora(q rou rotd)"ornou rqq ozooto(q-c tott

opyor5 rerpel.oiou ogori an6 out6 61ouv ogapeOei 6l"o to ei6r1 rouolpolv. Ito rqrd]"orno

o,ot6 rou upyori rutpel,oiou po(t pe tu l,rnovard uzroplouv q 6otpo)"toq ror noo6rqteg

rceprof. Me v6o on6oro(q oe Kev6 pe 1opql"r1 Oepporpaolo Kot elooyroyq otpori 8ulrrlpi{etor
q doqal,ro6, ro o,Trootoyporo oord ryrilovtor rcdrrrr on6 qv Oepporcpaoio rn[ng tou reprof
rct nepvofv on6 gi),tpa ri:ore va KoroKpcrrq0oriv tcr l"tzavrtrd,. To )"wovrtx6 zrou nap6letat
enelegya(eranntpawtpo p€ o(f n 6ralurrr6 Kor orq ouvfleu F€ 7rnl6 yto rnv crnopdrpuvorl

rrov (6vrrlv ocopdrolv. Aud eivot q 6rc6rrooia qq zopolroyrlg l.uravrtrori on6 ro op16

rcetp6Laro Kol yro rnv fiopoyroyrl )"rnovnrori optopwou r{cb6oug yiveto,t cvdper"[q ]"movnrcbv

on6 8ro<popeflrd otd,6rc nopoyrrryrlg.
To l.wavar6 nptnetvu tyetrtrowc, r8rorqteq rirote:
o Nc neprcpi(et rqv rptprl.
o No peurtver qv petcr)")"rrcr1 enaqq rov s?ilpovsriDv Ttou Bpiorcovtor oe rcivqo1

peta(r5 toug.
o Na nporolsi onolrrlTrl 0epp6nlrog 6ror rbote va yri26et xotd 6vo pepoq rq

tprp6pweq ezn<pdveieq.
o No neprcpi{et qv <pOopd, qv 8rdppoorl Kol qv o(ei6oo4.
o No eproEi(et rov oxlpotlop6 (qpdtolv.
o No e(crogu),i{er porp6lrovq oto0ep6qro rrrrv IopcKrqptonrdrv tou.
o No pqv ovo,ql,6ystot ort€ o-uv0qrceq lsttoopfcg toD.
fro, va 61et 6va l.urcvrtro n6 nopondvrrl r6rorrlteg npenetvo s1el:
o To rca,rd)"),r1l"o (ril6eq. Tqv rrpq nou nptnetva tyet to r(rb6eq w6g l.rnovnrcori tt1v

roOopi{ouv rcrd rripro }.6yo or ouv0rlxeg }.ettoupyicg roo, 6toq q toptttltc Kot ro
qoprio rou rwqcrlpo.'Eror to peydl"o qoprlo Kot ro pey6]"o 8rdrwo prera(ovtot
peydLo (io6eq. Meydleg ra1rrrr1req lreto(ovrar ptrp6 (rb6eg. Ezer8rl to rfrb8eq
eivot to paotrc6repo otorleio rou l.rnovrtrou, 0a crvogepOet ncrpordtro ruto

ovalunrco.
. Arnop6cqta. H ),rnop6qto e[oo<po],i(er Trpoororsortr6 otprilpo orq ],rncw6peveg

ernrpdvereg nou perritvet rov oDvrtleoq rprpnq rotd n1v oploKn rplpn. O cp€p6g
l.map6qtag opi(etot og ro ovt[otpo<po tou o'uwe].eon1 tptBqg ofilv neprcfrl r1c

optor4q l,hcvoqg.
o Yynl.n uvtopl <prl,p.'Etot epnoSi(er tr1v eroqrl peto(ri rrrlv perdll"rrrv. H ovto14

tou grl,p perpdrot pe rdnorc qoprio zcou pzopei vo orlrrboel Trprv 8roonootei.
Auro e(opr,ar,oL azEo cq p60o6o 8orrpooioq. Kotd qv p60o6o Timken q a,vto1t1

rou qr.l.p opi(erot rlrq ro qoprio oro oTroio nporo?Tlrpouou(etar q(q too e6povou.

Kcrd rqv p60o6o Almen opi{etor trlg ro rpoprio TroD luroptf wo 66pcvo vo 96pet
yra 66rco 6eutep6).snto (10 sec) lrrlpi4 vo Tropooouoet n1fi.

. Mn btopproarc6g rrov6rqteq. Avri0eta nptnn vo Trpoototefer on6 rqv 8rdpptootl.
T4v ovn8taBporrrrl npooroo[a n1v naplyu ro Trpoototeurtx6 otpcbpc nou

8qproupyet q l,rnop6rqto.
. Xapnl6 oqpeio por1q. Aut6 poq0oer rn pon tou l,wcvrttcou npo-c rqv ovt)"io

l.o6rof oe 1o,pq).6q 0epporpooieq.
o 'El,l.ewI 

rdorlq o?Cql.rottopof roru,l"oizrrov ror r{rlpdtrov rccto rqv ena<pt1 roD }re
o6po, vsp6, rcoriotpo rl zpo'rovto rar5oqg.

o AnoppDaavrrrfq trov6tqteg iDore vc nopco-r5per 6rc<popa rcctd,)"ourc.



o Na pqv ogpr{er. Or guou,}"i6eg mu 8qproupyoriv u<ppo npora}"or5v o(ei6ooq rcr
perrirvouv qv ncpopl l.wavrtrof ota l"urow6pwo p6pq.

. MI ro(116, prl avoql"€€tpo, prl erpr6ttr6.
o Mrrcp6 r6orog zopcryoryrlq.

H ezre-(epTaotc tou ),wavrtxori rotd rqv rapayoryrl roo ofiolrorpuvet rq oveznOuprlreq
al^I"u rcat peprr6q em0uprlr6q ouoieq. fr' our6 Tto vo 61oope 6vo l"rnovrtx6 nou vcr
cvrunorpiveror orq avcyreg poq ro ego8ro(oupe pe 8rcAopeg ouoie-c Troo roo npoo6i6our.'
a6 craurroripryeg r6r6qreg. Or ouoieq aut6g eivor tno yvtrlot6q oto epz6pro rrlq zp6o0etc
trrrv l,mavnxrbv.
Meprrd oz6 outa to np6o0eto etvot:

o Anooplmd ror oroppuTrovrt-d. Aurd eivor petol"),trd opycvrrd o(6o to ozroia
Dqproupyoriv Xlpucn n nol"trfl svooq p€ ng oveznftlpqteq ouoieq Ko't fl-q
u8povorcororSv.'Eror 6w 8rlptoupyeirat ouootrlpeuorl ro,rol.oinrrrv oe 8ugopcr pf,pr1
tou 8rrnioo o1"1.6 perotp6povrcr on6 ro l.uravrrr6 ro onolc ozrortd pcrtipo Xpcopo.

o Avno€er8oflrd rct ovn8roBprrlnrd. fro OeppoKpooisq pmp6tepsg o,no 200o F
napanlpewor prrprl o(ei8rrloq rou l.wovrucori. fto Oepporpooieq peyol"ftepeg u,a6
230o F o po0p6g o(ei8ooqq 6rnl.ood(etar rd0e 10o F. H o(et8crrorl eivot
overn06pr1r4 ezredrl oplpu,rf{et 6rd<popo rord,}"ouro xar o(64 to onoic Stoppiovouv
ta p6rol"l"o rc onoic 6pouv oav rorol.uteg. To ztp6o0eta pnopei vc eivar
o)"rco1.tr6, on6re e(oo8eteprirvoDv ro o(6o rqq o(eibrooqg 11 pr1 al"rol"ttcd,, on6te
npoototeuoDv ro p6tol"l"o oplpad{owog rfvo Trpoororeurtx6 otpcbpct.

o Yyql"rlg rieoqq. To np6o0ero curd uzr6 oyql,rl rteon rar Oepporpoolcr wrirvovtor
pe ro p6rol,l,o Ko,r o1rlpori(ouv wo av6plavo qrlp to oruoio npooto,reriel rq

eznqdveuq nott nepfyer o[6qpo, o(uy6vo, dv0parc rat o6poy6vo ernn]."6ov aTco rs.
orotleiu zrou neprclovrot oro np6o0eto.

. YzroFrFoopori tou orlpeioo pong. H nopouota reprof oto l,wcvar6 8qptoupyei
zp6Bl"4pcl oe Oepporpooi€g ptrcp6repeg ano ro or1peio pong. H a<palpeor1 6]"ou tou
rceprof eivcn orcptpr1, percbver tov 8eircrq t(cb6oug rot o,u(dver rqv tdorl o(ei6rooqq.
fr' oo16 ru)TlortroT[orouvtor np6o0etc nou pstrbvoDv ro ot"lp€io porlg ror ou(d,vouv
to r^(rb6eq or KovovrK6g Oepporcpooi€q. Ta np6o0eta outd neprpdLl"ouv ro p6pra

rou rceprof ror 6w ra o<prlvouv vo oDvsvo0oriv yrc va o26rlparioouv peldl.eg pa(eg

repto6. Av ro l.rzrovnr6 pe outd, ta rp6o0era unoB),q0ei oe o,n6topeq wa)'),cy6-c
DVIIllg ror 1apr1),r1g Oepporpuotr;,c,tnapyet rlv8uvog vo, zd0er ovootpogr1 Kot vo
cru(qOei to or1peto porlq rou. Aut6 6w pnopei vo ouppei ratd tr1v Letroupyic rqq

lrnxovng ol"l"d p6vo roro, n1v ozo0qrceuorl tou.
. Af€nolg rou 6etrn1 r{ril6oug. To np6o0ero, outd etvot nolupr€pll trs no)'u pe yoi',o

Fropro. llpoodOwror or avol.oyio 6rio 6rrlq tpio, tq erot6 (2-3 %). 
'Etot 

flovtuc
peldl"o (ril6eq ro ].uravnr6 propei vo 6nrr'lpqott ro (ril6eg rou rozo-q uyrl)"6 ror
oe uryrl)"6tepeg 0epprorpoo[eg.

'Onrog 
npoovogdp0rlre o oqpavar6tepog nopd,yovtoq yta vo ncrpouoto(er 6vo

iurovnrc6 rq rord,llrl).eg r6r6a1req rord, rqv l"ertoupylo tou aL)d ro,t to pootrcorepo ototXeio
yro rov Sralroprop6 rrov ),rzrovordrv pero(6 rouq ov6l'oyo p€ rtlv Xprlo-n roDq oto epn6pro
etvor to (ril6eq tou rdOe iucvrtrou.

Iicir8eg.

To (ril6eg w6q peuotof eivor ro p6tpo rqg ovriotooTlg TroD rpopoL^er ro o'DYKsKprp.r6vo peuot6

orqv por1. Eivot 5ql"a6q evo pfrpo peuor6rqtoq. Edv 6va peuot6 p6er eriro)..o, to r{ril6eg tou
eivor lopq),o. llporewan r6re yro wu ).ezrroppeuoto uyp6. Avd0eta Xaparcqpt{etot 6vo
peuot6 rrtg roplppruoro 6rov p6er pe 6uorco1"ia. To peuot6 aut6 61er uyq)'6 (ril6eq. fro rd0e



mzro pr11avr1q ror pc 6ugopernc6g orwOrlreq ).ewoupyio,g, 11 ern),oyr1 tou )"wovnrof nptne,.
vo eivot orrlorr'1 ytad 8ragopenro q pn1crvrl 0o nopououoet 8uol€ttouplieq.

'Evo l"urovctrc6 uyq)"or5 r"(ril6ouq zopouoro(er ro e€nq peroverr4pota 6rcv

Xplorponorq0et oe pta ptl1o1.rl:
. Au€dver rq rpf6g Kor nlv 6rl.uoq 0epp6rqra,g, pe onordLeopo onio).ereq

ev6pyeurq.
o Ar-r€dver a1v Oepporpooic.
'Evo 

l.rnovtrr6 lop4lori r{irl8oug no,pouord(er tcr e(r19 peroverrrlpoto,:
. Arlptoupyei riv8uvo Koroorpogqg rcov ernqoveubv l.61crt tptprlq.
o Metdlver tov Bo0p6 on6Sooqq r4g awl"iog l"o6rcri.
Yndplorw 8uqopot tp6nor roOopropori rot petprlotoq rou qdl6ouq.

Aovaprx6 11 oa6loto r[cil6eg.

Av 0eopqOei to r{ril6q rlrg q ovriotuorl nou npopd}.sr 6vo otprilpo tou peuotori
6rol.ro0olvst oro zupdn].eopo otpri:pa peuotori, undplet pw 7r€lpopofllcn paci1

npoo8topiooups ro on6l"uto (ril6eg. Movobo petprloeolg eivct to poise.

Arwopnx6 (rb6eg:6tatpqrrn'1 moq I pu0p6q 6uitpr1ory

Krvrl ptrtrx6 rlcil8 eq.

O ouvtal€orqg nou nporcr5twer on6 np Stoipeoq tou on6l"utou r{rrl8ouq 6tu rr1q zrurv6rqto,q

roD cDTKeKprpwou peruorori ovopd(eror lcw1potlK6 (ril6eg. Movd8o p6rpnoqq eivar to stoke.

I(ril6eq rcotd SUS: Efvor o lno zrportrr6q rpoltocr petprloe<rlq tou r"(ri:6oug Kot

npoo8ropi{erur cn6 crlv p6rprlol rou olemor5 (ril6ouq nou roOopi(er o lr6vog nou
yseta(erat pra ota,Oepq ruoo6rqro w6g peuototi yto vo 8upperioet on6 6vcr np6runo
crrpogrioto oe nporo,0opropfvo pr6vo. Movd8o F€tpnoqg eivor r'1 povd,6cr Saybolt (SUS). H
povdDo oorrl sKqpd(er ro (rir6eq oe pfa ro0oprop6vq 0epporpoolo, ouvrl0roq 100"C. Ot

crprOpoi SAE ertppd(ouv neprol6g (ril6oug oe SUS Kot ot optopweg nspnylg Oepporpoottirv
Kot Xo,poKqpi(ouv ouvrl0rrlg opd8eq opurrel"ofcov. Iqv Euprilq XplolpoTrotorivto,t atg
povd,6eq petprloeroq tou t(io6oug ot po0poi Engler q o p6vog Redwood.

Meptr6q anrouq nou 0o rltov rol,6 vo ovo<pepOofv or6po T1o rnv rol,rlrepr1
rcclrov6r1or1 rrrlv pe065ov unoLoyropori nou oxoLouOotiv eivot aut6g trrlv poptprbv rr1-c
),inavoqg. Or popg6q oot6q eivor q ubpo8uvopllcn, rl plKrn ror 4 opurrrl l.truovoq.

fto qv rohitepq xorov6rloq roo fiopoKdtro ol4poroc,nptnet. vo, optooupe optopfveg

ropop6rpouq nlg rpfnq.

Tm v0
Yro v0
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ZIJlP

Etr6va l.l: AuypappcrroD Stribeck. []

Av N eivot 11 Suvoprrl nou ooKriTol ncrvo oe 6vo otilpa nou rrveitor zovcrt oe pio

entqovera ru.t F q Sovo,pq zoo rwei ro o<bpo r6re o loyoq f to:v F xot N opi(etat oq o
$uvo,puog ouvreleotrlg rpfnq Av 1 e<ponropnnrrl 8uvaptq eivur oucl nou pera(trot ro
ootpo, ylCI, vCI, erc<wrloet tore o l.oyog ta:v 5oo q,ur6v 6uvoperov eivor o otu,tu6g ouwel"eoqq

rpfnq

f : FA.{

H Suvapq F eivor outrl nou <pfper owiorooq orr1v rtvrlorl rot ovopa(etor tprprl. Av Z eivanro

$uvu,prro (io6eq tou l.mowltcou, IJ Tl ro,Xurnrd, tou ocbpa,tog Ku,t P q nteoq novco oto

xloupwo ootpo tott, ov oe 6va a(ovo pdloupe nq np6q tou ouwel:oq rnq tprBrlg nou
nporuntet (f) rot otov d.l.),o n1v nu,pcrpupo ZUIP rore zporuilrer ro za,ponavro Sraypoppa

Tvooro Kor oq 6roypoppa Stribeck. Ee cruto to 8uypoppo etvo,r govepo on Srcrpivovrol
rpslq icep1o1e6 ).inavoqq: 11 zeptopl qq opurcrlq ),furovor1g onou uzap1pt, elrhytoro l.mowuo

avopeoa otq tprpopweg entgoveuq, Tl nepwp'1flq pemnlg ),firovoqq onou ou(averot LiTo 11

nooorqrc rou Xurowrrorl crvopsoo ottq enrgovereq rar 626oupe elaporq enogq rouq, Tl

reprop1 qg u8poSuvotlucnq linovorlq onou ro l.rzovrrrco eler au(r1Oei aropo neptoootepo rat

or entgoveug 6w egozmowot raOolou.

t'' .;- i: -". t:- r' () frl
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KE@AAAIO 2

ATIQAEIEE TPIBON ETII MHXANEE ETQTEPIKHE KAYEHE.

llopdyovreg onoq 11 l.tnovorl, n rpfq ror 11 qOopd noi{ouv paotr6 p6}.o oe no}"}"6-c

nopop6tpooq qg ole8ioorlg rov prllovcbv eoroteprrrlg ror5oqg. H clroznorlo rcor q 8raprcera
(cor16 eivar or poorr6repor nopdyovrss noo ).cppdvovrol uzr' 6rlrw rcatd rrlv o1e6too1 pioq

pnlovng ror o p6l.oq rn€ rp#tlq oe o,utoriq eivot ztproropfl,K6g. H plKpTl pn1ovtKn tptprl ro0'
6),q qv lsrtoupfa rnq prnlovqg, Ko,l erirr6repo ota olpeia nou lertoupyouv ouv6lew eivot

Boorrc6q ot61oq rrov KorooKaDootrirv. H orrcovopia rcauoipoo zroo eivor pootrc6g ot61oq on4
rco,rvoripyreg p41ov6q ovdlrcooe roug Koroorceuo,or€g oc4v pelfTn ror ru,tav64oq rou

prllovropof qq rplpng, rov uaol.oyrop6 filq Ko1 oov ozot6l"eopo tov o1e6uop6 rot tqv

rcroorceirrl prllovrbv 7rorl Tropouor,o(oov prrp6tepeg onrilLeieq w6pyewg ).oyo tprBrlq.

Tq re).^eutoieq 8eroedeg 61ouv yiver oprcet6g 6peuveq rupiroq pe spTr€rplKfq pe065ouq.
pe orcon6 rov uzol,oTrop6 r<rrv onrol.eubv )"6ycrl qq rplpng. Aut6g zrou e8roocrv XpTlotpct
crnoretr^6oporcr (e1dtprcov ywrL ov6nan(ov roh5cepo poOrlpoard povt6),o Kol

X)n orpoTroirloov avenruypweg relvol.oytrca np6nneq pq1ov6g.
To rupt6rspo oror1€to rrrrv prllavrilv Trou Tropoootd(ovror to peyol"ritepa nooootd

gno).etritv l"6yo tpfrlq eivor ro orilpo rou epB6l.oo, ro e),on1pra tou epB6l.ou, ot tprpeiq

(rcou(w6ta) ror o pqlovtop6g rov pol,piirov erocyrrlylq ror e(oyrrl1r1q.

Mrllcvrcp6q
Bolpidrov

Elntriprc
f,pprilou

Etirpc
Epp6iott

Err6vo 2.1: Ilqpatrrrl ropdotool rrrlv paorroteprov

l.tncrv6pwcov pepdlv oe pu pq1av4 eo<ocprrcr1q ra6orlq. [5]

H rpfq orq Frl1ov6g ovannioo€rcu pero€f rrrrv sTnqoveuirv zou Bpiorovtor oe

olenrfl rcivnorl aTEo rq 6utprlar6q rdoeq rou ).rnovrtrori nou rJrlapxil ovopeoo. o€ ouTeq rq

ern<povereq rcor on6 rq 6rcrpqttr6g rdoeq tou ul,rrof rrrlv vnpoveubv 6tcv tp1ovrot oe eno,<pt1

)"oyo tomrr1q 6)").erryr1q l.wovnrcof. fwtr6repo to1riet 6n 11 rcpq rqq rptpn-c tooritcr p€ rn

Ouqopd crlg wfielorupevnq Kot rng o<p6),tpqq 161uog. H sv$etK\ru6p"s\al roXr-rc uno)'o/{etot

ano ro 6wopo6etrnr6 6u1poppo, Kot rl rrl<p6l,tpr1 psrpdror pe rq porlOero 6uvop6petpou. H

6rcrgopd roDg poq 6iver cqv roXU rng rpfnq. O tp6trog aut6q p6tpqoqq Eev eivor npcrrccr6q 1r'



our6 Xplo-rpoTroutror evo 6uvop6prrpo rou onoiou Wxparor I lofDg roD TroD 1rerd,(etor yro
vo rwr1oer rrlv w l"6yco pqlavrt Xctlpr{ ro6o11. An6 onoteL6oporo, t6totrov petprloeotv eivot
yvoror6 6tr q rcpg rt'lg rpfTlg ou(d,vetar 1re Tnv rap.lqro Kot ro qoprio ror perrbvero,r 1rs rnv
a66noq crlg 0epporpooioq tou o,6po etooyrrlyqq. O tp6trog out6g p6rpnonq 61et ro,t pia d)'l"q
pqorp6qro. Mnoporiv vo oqorpe0oriv oprop6vc s(opnlporo, Ko1 6tot vc nporfyet q to1ug
rnq rptpl1g pepovropfvcrv otorletrrrv'rnq pq1ovllg.

Mio 6pe'uvo poorcp6vr1 oe our4 qv loyucn riywe oro eploonlpra epeuvrilv rqq
General Motors Kor ro, onorel,6opcrtd rqq nopouour(ovtcr e6dr pe oron6 tqv rorcrv6non qq
oqpooiog roo p6l,ou rn6 rp#ng orq pqlov6g eooteptrcrlq roriorlq Kot tov noooorurio
6tolcoptop6 rrov onrol.euiw tr1q rptBT1€ oto p6pq rnq pnr(ovtl€ TroD 7rpoovo96p0qrav.

To la,porcc4pronrd rorv tpuirv prllavrov Fe gdon rq onoi.eg 6yrve q fpeuvo currl
napouora(ovro,t otov flivorca (2.1) nou orcol.ou0ei.

V8 v6 5.0 Lit V6 5,8 Lit

MHXANH
'Oyrcoc epBol"topori (L) 5,0 5,0 5,8

Aropetpoq rul"tv8pou (mm) 96,52 106.17 I  11 .45
Ato8oopri epB6lou (mm) 85,98 94.58 99,28
Mircoc 8trrloqpo (mm) 152,4 167,7 776,0

Mryroal tcprnlro epp6lou
ocq 2000 r/min (m/s) 5.74 6.30 6.62
Aurovnr6 unyavnq 10w30 r0w30 10w30

Mo(a nou rca)"w8popei (Ke) 0,996 r .217 1,346
Md(a roD 7r€orotoeoetot (Kg) 0,520 0,635 0.702

TPIBEIX
Amodtpo

Mrircoc (mm) 20.22 22,50 22,30
Arrivo (mm) 26,98 30,01 29.76

Arnvrrc6 6torevo ([m) 26,98 30,01 29,76
llefpou

Mrixoc (mm) 22,30 24.80 24.59
Arttvo (mm) 12,45 13,85 13.73

Arnvtr6 dlarevo (pm) 12,50 13,90 13.78
MainNumber 1

Mnxoq (mm) 24,00 26,70 26,47

Arctivo (mm) 3r,74 35.30 35,00
Artwrr6 8rnrwo (um) 3t.75 35.31 35.02

EMBOAO
Mrkoc orbuotoc (mm) 65,08 71,59 75 ,16
Arnvrr6 Srarwo (pm) 7,0 7.0 7.0

llpooil orbLroroq Booe),oe166c Bcoel"oe66c Booe)"oeri6c

EAATHPIO
llprbro e)"an1pto

l[].atoq (mm) 1,7 1 .7 r ,7
E).coancr166vctpq (N) 2r,0 23,1 a /  1z+ . )

Aerrepo eL.CI,rnpro
flLaroq (mm) 1,7 1 ,7 1 ,7

E).aonrcn 8uvopq (N) 15,0 16.5 17.3



Eloqprc )"o8rori
llLctoq (mm) 0.6 0.6 0.6

ELrrortrn bovapn [N) ) 7 \ 30"3 31 .8

EYXTHMA BAABIAAN
Bo),Biia amoyrrlyric

Atauerooc Bal"Bi6cq (mm) 42,4 47.2 49.9

Bdooc Bol.Bi6oc (Ke) 0 .1  l9 0 .161 0 .1  88

k),np6rnto el"orqpiou N/m) 49.00 57.00 49.00
O6pnon e)"aqpiou (Irl) 394,0 475.0 3  75 .0

Bal,0i6o elayoynq
Aduetpoq 0o).0i6ac (mm) 34,3 39, I 41 .8

Bdpoc 9ol.Bt6oq (Ke) 0.094 0,134 0.1  60
k).np6cnto elarqpiou CN/m) 38,60 46,70 38.60

O6pnon el,orqpiou (N) 318,0 390,0 320.0

llivorog 2.1: Xaporcrrlprorrxo ttov tpuilv prllcvrbv nou Xplor+loTtoq0qrav orlv 6pzuvc tq,c General

Motors.[5]

H fperwo 6yrve yrc pru' pnr6ovrl 5.0lit V-8 pto 5.0lit V-6 rat pra 5.8lit V-6 ror ta
anorel.6oporo T1o rrlv to1u rnq rpftlg nopouotd(ovrot otov fltvaro 2.

V@ISP V6AFEA

1732
r/min

4330
r/min

20m 5{m 2mo 50@
r/min rlmin rlmin r/min

Tprpei6

X6pa

Ei,cnipw

Mql.Balpi6<ov

0.90
(19.8e6)

0.95
(n.7%l

1 .17
(25.6%)

1.56
(33.9e5)

5.m
(31.5%)

535
(33.6%)

2.S
(18.6e6)

2.@
(16.3%)

0.97
(21.5%)

1.01
(2.%)

'r.05
(23.8e6)

1.39
(31.4%)

5.3E
(32.4%)

6.10
(36.8e6)

2.74
(16.5%)

2.9
(14.3%)

o.74 4.10
(19.ee6) (N.%)

0.9+ 5.68
($.#',, (40.5%)

1.@. 2.57
(27.4%) (18.3%)

1.@ 1.68
(27.4%) (12.W1

Efvolo 15.91 14.8

flivcrxcg 2-2: ArcueLioporo rllg rmcrvoprlg rrlg rolioq rls rpfrlg orq ur6 e(6toot1
pnloveq trlq 6peuvoq qq Ganeral Motors. [5]

Me pdon xa arEox;),Eoporo oord ror rq pd,6rn tcov 8wypoppdtolv nou npoenryav
pnoporiv vo s(o1eoriv opropwo o-upnepooporo ylo, rooq fiopoyovrsq fioD srnped(ouv ro

psTeeoq rqq rpfng nou avonnioorror. Or rpeq poorr6tepoL napayovxeq etvat o opt0p6q trrlv

rul"iv6prrlv, to p6ye0oq rqq prl1ovrlq ror q taprqtd, rqg.
'Ooo ovogopd rov opr0p6 rov lcD),iv6prrw aporr5lrrar orr yro oto0epq tolurqto o

lcllrnpoq V-6 zu,pouot6(et oqpovnrd,lapr1)6rcpq rpftl on6 tov nvr1c1po, V-8. H tptprl tou



V-6 eivot 19o/o yalnlarepn ornv ptKporepTl ta11rqta rat l2oh ptrp6tepq oqv uryq)"6tepq

rorlrqto.
'ooo orpopa ro preye0o6 Tnq pnl0vnq oDpzrepoopoto tlTropoliv v0 e(o1oouv

o'r-ryrpivovtoq roDq 56o rcwqnlpeg V-6 ot ozoi.or 61ouv 6togopenr6 6yro eppol'rcpoD' Aureq

or Srio plT(oveq 61ow KcrrooKrDcrorei vc tru,pdlouv qv i6ra rop. flopoTnpoups orr q ou(t1ot1

Tqq rpfq; npotptyerat neptoo6tepo oz16 ro orioclpo tcov po)'pi6ov KOt orc6 touq tpfe( napo

afio ro orilpa tou epp6Lou Kot ro el.orrlprd tou.
'ooo ogopd tqv ro,11)qra qg prlxovng oopnepd,opa,to pzropor5v v(r e(o10ouv

ncpaqpcbvro,q ro nopcrrd,tto ofnpo (Etx-2.3) .

v6DtsP V6 AHEA

Etr6va 2.2: AvaLo,lio rou pey60ouq rnq rpfnq nou 8qprcupyeitcr trcryo rrov ncpcy6vrov trou rTlv

nporccl.ofv yto rq tpeq p11av6g otq 2000 r/min' [5]

!6crqpa Bcl$i6tov

f,latripu f,pP<ilno

Idrpc EpPoton

Tpr$elq Aloott[ptrrv

Tpr$e( Etpogdlott

1000 2000

v8

r

)

Ttryirtqta Mqlcr'{q (r/min)

Etr6va 2.3: H tpfrl oe ouv&pqor1 qq talutqto6 1o roOe

nopdyovta qq tptprlq Tto rrlv prllcvn V-8' [5]

llporcrinter on rl rpfn l.61ro rou oDornporoq r(Dv pol"piirov eivor peydl.rl or4 ptKpeg

TOXurtlT€g fi€pilEou ro w0 rpito Tnq oDvol.lrct1g, ror pet(bveTol 7Iept7[o0 oro 6V0 6rco on4

ury,,1l,Orrjrg. A6yro tov rplp6ov Ktrl rorr ooporoq rorl spBol,ou TtpoKuTtrsl 6a n rpftl

aufdvetor 
""0 

to tvo" ntpnro oro 6v0 rpiro T10 ro K006v0 F€ rqv o6€noq rng rol1rnrog' H

rpfn l.6yro trrlv e).arqpirrlv roD rpp6lo' F€li'verol ps rnv o66qon rnq ro'Drnrog ol.l.o 6Xt

t6oo otoOqtd.



Me Bdoq rq ropo,rTlprloeq nou 6yrvcv Kor ro lwtrd oupnepdopota nponlnret nooo

oqpovnrcr'1 etvar q pel€rn qg rptBrlg rat eritr6r€po q Uelsq rng rpflq nou ovanniootrot
aTEo xo orirpo xor on6 to e).n,rr1pra rou epp6),ou. fr aut6 rov l.oyo 0o yiver rcpoozd0ero. va
pe).^err10orlv Kor vo ouyrcprOor5v peprr6q arco 14 Boonc6g pe066oug unol.opol-tof rlq 8rivopqq
Tnq rpfnq nou cvozrriootro,l oto 6prBol"o ttrlv pqlavrbv eocrlteptrrlg ro6oqq.
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KEOAAAIO 3

ANATITYEH MEAETHE TIOY ETINE TIA TON AMEPIKANIKO ETPATO.

Autrl q 6peuvo nopoootd(er 6vo anlonoqp6vo povt6Lo ev6g nl4poog epp6lou
(pa(t Fe rcr eLarrlpra) (PRA) to onoto 61er ovotru0ei yra to orilpa tou epp6l"ou Kot Trr
ra eLorrlpra tou (e1oprot6. To povt6Lo tcov elnolpirov un6rertor oe o8po8uvoptrrl rat
prrrrl l.incrvon svd) ro pow6lo roo otirporog toD epp6l.oo oe o8poDovopmrl ),inavol1
p6vo.

H e(irsroor1 tou Reynolds XpnortroTrol€ttor rog rcupro e(iooo1 enilooqg yu ro
u6po6uvaprr6 oriotrlpa Kol yur ta 6rio pow6la. Arulonoulpweq ono06oetg

XpnolpoTrolotiwor yw rnv ptrt4 l"inavorl oro pow6l"o trov el.ctrlpiorv.
To pow6Lo crur6 64proupyei a1v xoprnilrl tou Stribeck pcr 6e6op6r.r1 yeropetp[o

tou el.oqptou. To pow6lo tou orbpotog rou epB6loo 8rlproupyei o16oeq peto$r rqq
6rivcrpr'1g tpfng KOt tTlv yeotpetpio tou epp6l.ou, tr1v toXriqto roD, to r{ril6eq roD
l"urowrrori ror uno0etrr6g opror66 ouvO4rsg. To onoteLioprotcr cutcbv ttrtv pow6l"<ov
o-uyrcpiOr1rov pe petprloerg nou 6pvov oe edtKn Sdta(r1 w6g rcu),iv6pou prrrg
netpelarorcfvr1tr1g (diesel) pr]1ovrl6. Or Oeroprlnroi ootoi uruoLoytopoi 61ouv loymd
anoreLfopcrtcr oe o16o11 ps rCI, F€tpofpeva 6e5op6vo.

'Otov enrBaLlotov 4 peirooq cllg lcotovdkooqq xcruoipou, or p4lcurot
KorooKrDcror6q oozorcwrlt<ov w6u<pdp0r1rcav yto rnv peiooq qg tprprlq otq pq1av6g.
Or epeuvqr6q Oecilp4oov ro 6pBol,o po(i p€ tcr elarrlpur (PRA) 6tt eivor unef0Dvo ratd,
rripro l.6yo yro qv tptBrl rlg pIXOvng. O uro)"oylop6g qq tptprlg nou 8rlproupyenat un6
ro 6ppo).o eivcr o o161o9 nol.kitv Oeropr'ltrrrilv rar e;rnepmcov povt6Lrov, oLLd l,iya
pow6).o rotdtpepav vo ropoDotdoouv pro yertr4 o16o;n Yur rov unoloyrop6 oDqg rng
rpftq.

Auul q dpzuvo 6Xer og oron6 vo pper 6va anl,onornpsvo ror yewr6 powdlo noo
pzopei vcr onol.oyioet rqv tprpq rou epp6loo. To povt6Lo eivor Booropdvo ot4v
Oepel"troSq 0eopio r4g l"izavorlg rar 61er enrBeBor<o0ei nerpopoard oe 6vo rril,rvDpo
ptoq diesel pqlcvqq. Tcr onorel.foporo rqg 6l"l"eryr1g ltzavtrrori oto eLarqpu 61ouv
etool0ei rot entpeBotrrl0ei nerpopauro.

H tprpr'1 too epp6l.oo ouvol.rrd (PRA) anotel€itor rup[rrlq cn6 n1v tprprl tolv
eLotqpirov tou epp6l,ou rot cn6 rqv tpfrl too orirpcrtog roD eppol,ou. Ta, 6rio outd
ei6r1 tpfrlg 61ouv ovslD0et (elroptota.

Tprprl elatqpfcov epp6i'oo.

Or ve6tepeg Kot onl"or5otepeg epnetptrfq o16oeq Xpqotponotorivtor yw" vo
urol.oytotei q rpftl rorv elaqpirov rou eppolou Ko,t Bp60r1rov an5 ouol6ttotl
TrerpolrorlKrbv onorel€opdtorv an6 rcar oe el,utrlprc. Aotd to powfln eivat Bcotopfoc
otrlv u8po8uvoprni rcepropl trlg ropnilr1g roD Stribeck nou pnopei vo sKgpoorei tog:

f=BS ' (3 .1 )

6nou B Kot m eivcr otoOepd rcor S etvor nu,pdpetpoq nou Sivetar on6 tov s6no

.  l t ' vp
! )  = -

P 'L

l l
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Aord ra pow6la 5w e(et6(oDv rnv yeropetpia tou el"oulpiou.'E1er ppeOei 6n o
ouweleorlq m p,etop6l,).erar nolf nl"otrc p€ rn ysopetpia tou elacrlpiou rccrr zrp6net
va elrr.,a(eror oro povt6l.o tqg tprB4g tou eLntqpiou tou epB6l.oo.

Al,l.o dpOpa Xpno4roftoro6v onote)..6olroro on6 norrl],eg TrsrpopotlK6q pe066oug
ytfl, vo gtdoouv oe unoloytop6 rnq rpfng rou el"ocqpiou tou epp6lou. Ot e(to<boelq 7ro1)
lappdvovtor p€ crut6 rov tqlto toXriouv yrc pqlcrv6q TroD 61ouv ncrp6pora

Xopol,crnprfixu pe aut6g nou €-ywav ro reot.
Al,l"cr dp0pa pprlrcav pra o16or'1 qq tpfrlg tou el'cc4piou tou epB6lou

e(et6(owog p6vo ouv0r1re6 pllc-rTlg lfuravoqg rar onooolp(ov 6tr q u6po6uvotltt<rl
)"irovoq nt0av6v 0a unrlple o,LLn oe nol.ri prrp6 p6pog. Autd ta pow6l.cr eivor

Booropwo oqv Oecrrpia qg ),inavong Kot 61ouv nopolOet ano TEEWalLomd pow6la.
Aut6g or tel,u6g e(rcritoeq ouvtorrbvrar ytrr prlxovfg nou XptlotpoTlotoriv )"wawrx6

lcrpr'1l"of r{dl6ouq 11 l"enoopyofv oe prrp6g raylrrpec,6nou 4 prrcn1 }"fuavo1 unep6Xer.
Eivor yewr6tepq napcrtqpqoq 6tt 11 o8po8uvaprrf ],fucavor1 vrspf7;et orqv npaypctmtl
Lewougyto rng pn1ov4g 11 onoic Oftet 6pu ornv XlDrlotponotrlo4 outrirv t<ov e(todroerov.

Aw ondpler rdnoto azl.6 pow6lo cutrl'rn orryptl 6ra06otpo Ylo vcr unol.oyloer
qv rprBr1 rou el,aqpiou tou epBoloo Kor vo XprlorpoTrolTl0ei yewrd oe onou8qnote
pnx0v11.

Tprprl too ocirpato€ too epp6loo.

H poweLolrolnorl qg rpfng tou ocbpatoq roD epp6l.ou 61et yiver to 06pa
nolfuilv 8rlpoorefoerov trlv tel.euoio 8eroetio. Autd to powflo e(et6(ouv rnv
o'upnept<popd Kot rnv g6on rng l.inavoqg, Oeppxd crnotelfopoto, elaour6g
nopapop<prboer5 tou orirpotog roD epp6Lou KOt rlv Klion tou epB6l.ou. Kor 11
u8po8uvcrpurf ror q F€rKfil ],inavor'1 tou oritpotog po(i elera(ovrat ou1vd.

An6 rs crnorsl,6oporo rrrrv nopandv<rr ovohroeov 6Xer roOoptotei 6tr p61pt ro
50% rqgrpfqg too ouv6loo roo eppol.oo oqeil.etar p6vo oto orbpa tou eppoLou. €1et
eniorlg ppe0ei 6tr ro o<ilpo tou epB6lou ouwel€i rcrtd rripn l,6yo oro u8po8uvcrpx6
orionlpo,.

Av rcr 6Xer 6u(cXgei peydl'o nlrl0og epeuvrilv oto 06pa qg rpftlg rol)
orirpotoq, 6w undplet 6vo ynnrc6 rcr onLooo-czup6vo pow6l.o TroD v0 pzopet vo
unoLoyioet qv tprBrl ovdpsoo oto ocitpo Kot oro toilcopc too rul"ivbpou.

To ripgpo orconefer vo erodyer pur v6o trpoodYYtorl otov unol.oytop6 cqg
o-uvol"xqg tprprlq too epB6lou. H tprpr'1 totv elacrlptrov too epB6l,ou 0c Bpe0ei
yewreriovtoq ro otoprrd Sroypdppcrto rou Stribeck ta ozotcr eivat Boorop6vo p6vo
otq yeropetpia tou epB6l.ou. Ta anoteliopato qg 6l.l^erryqg l.tnowtrori 0a
nop6lovror zcol"Ianlaorc(owoq rq 8uvdpeq tprprlg ttrlv elaalpirov pe tov o'uweLeotq
<6L).euyr1g l.o8rcri>.

H rprBr'1 tou orbporog too epBol.ou 0o Bpe0ei unol.oyi(owog plo o8dotctrl

Ic,poKrnprotrrrl nopdp€tpo too oiopatog Scp r'1 onoic elvot paotop€vrl p6vo otq
ye<opetpin too ocbpctoq.

An6 qv Scp pzopei va \q0ei pra d)'1.r1 o8tdotaq nopdpetpog tprprlg tou
orilpotoE tou epp6l.ou q Fcp.

H Fcp npopLficer pro o16o11 avd,peoc otrlv 5r5vo1q rpfnq roo o<bpctog Kor oro
r(ritSeq tou l.urcvttro6, tollrnro roD epp6l.ou rar uno06ter opurr6q auvOrlreq crvdpeoa
oto <pr.l,p l"nawrrori Kol oro ocbpo.
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3.1. Oe<rlpqttxq ovdrmo[q too povtfloo.

To o8po6uvopx6 pow6).o tou el"ctrlpioo tou epp6lou eivar paorcpwo otq
ncrpordto nopo6o16g.
o To elaqpto eivor nlqprog pu0rop6vo oe l.o6t on6 ro o'4peio eto66ou tou LoSrori p6pr

to orlpeio s(66ou (6w undplet o1rlportop6g ror-lonltrov).
o To nuyoqrou gr-)"p l,a6to6 Oeropeitat 6tt elvar ota0ep6 yupto crn6 trlv neptg6p€Lo ro1)

elnrrlpi.ou.
o To sl.aolpro 6w neprczprigetcn.
o Xpnotponouirot 6va l,rnowtr6 noo 6r6netat on6 toug rav6veg tou Newton

Qlleut6vto) dpo e<papp6(etot 11 povo8rootorrl e(toorrl too Reynolds.
o Or 0epptr66 rccn el"ootrrrlg napapopgrirosrg oro elatrlpto Kol oro toiltrlpa tou

rul"iv8poo etvar apel,rlteeg.
o To l"movtrr6 etvor €va ooupniemo peuot6.
o To 8uqopertro naxoq rou <pr-}"p tou la8rof 61er ape\du, eni6po<n1 otrl g6pao1 rou

el.onlpiou.
o H rptprl noo ovozrfootrol eivar p6vo l.6ytrl rou gil"p ln8rori 6po 6w undpler

peraLl"rrcrl eno<pt1.
Yno06toope,6tr tc or6lou0o peT60r1 eivar yvrootd

o H otrypraiaraybupo roD eppoLou (Vp).
r To rlrir8eg roo l.urovtrrof (p).
. H nieon nioo on6 to el,unlpro (P), nsp:#;yowag rrlv nieoq l.6yro tqg tdorlg tou

elnrqpiou Kot rrlv ri€o-n tou oeplou.

H pooucll yerrrpetpia tou elntqpiou ( C, c rcot L) noo <pnfvetot ornv Ex.(3.1 ).
H eliorrroq roo Reynolds rou e(etd(er povo8d,otato aoupni^eoto peuot6 Oct

XpnolpoTrorrl0ei yur vc onol.oytoteiro nayog too <pr.)"p La6tori rar 11 nieorl tou <pr-}"p. H
popqn rnq e(iorooqq eivot:

|  6  . . . ,  Ap .  - . .  Ah  . ^Ah- ; ( h '  ) -Avn -+ l l -  ( j j )
P 0x '  Ax '  Ax d \J 'J  t

Ilettrd pe rT1v Etr.(3.1) 11 yeroperpic rou elnqptou Oe<rlpeitol oov vo eivor 615o
rcrpaBoLfg, egcrnt6pwog oro orlpeio too eLdltotou ndlouq tou l"tncrvnro6.
To ndlog tou <pr).p la8tori h, 6tav eler&(eru out6 to zcpoqf). tou elatrlpiou eivor :

h = h, + h, (3.4)

ofioD:

, , = , ( : ) '  , , , ,
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Kor ho eivct to

To nayoq
e{iooloq (3.3)

eln,;rmo nayoq rou gil,p la6rou.

<prl"p l.o6rcD Kot n 7ci€oTl glf+l ln'8rou ppiorcowar h5vovroq rnv

Errovo 3.1: El"orqpro epfu).oo. Artiypappc e)'e60epou
orbpatog. []

3.1.1. Mow6l,o ttov elcrqpiorv too eppriloo.

H rapni\ rou Stribeck Err.(3.2) ene(qyei rrlv e(aprqorl tou ouweLeorn
rplpig f az6 rqv nopdpetpo. Mto zuOeio Tpoppn 0a ova,ncp6to6oe r4v o16or'1 peto(ri

loe (0 rat log(s) ot4v u6poEuvotrucn nepwp\. Mto eu0eia Tpoppn eriorlq 0earyt104xe
va noprord, qv o16o11 auzn oqv p€lKTn nepto1t1.

3. l. 1. 1. IIep ro2gr{ o6p o8uvtrprrrf g lincvoq g.

H Suvcprl F, vnolayiornre lrlotpozotr.bwoq "nv 
e(ioroor'1 tou Reynolds xot

zaproro pia nrnrrl u8poSuvapucq oXeon peto€u log (0 rc,r log(s) 7w &o lrovo
ap6oorq peraro rat<rl veKpo oqpeto rot p6prt liyo zrprv ro ovo vtKpo onpeio. fra pe),n

mo oplpa $eilvouv rtlv rcivnoTl tou epp6lou 6nog ol^la(er o ouweL€ornq tp$nq To
anor6leopa rou golvop6vou tou zneopfiou qrlp 8nprougyeitar ano r4v eznBpo8won

To(1opc
Krf,iv6poo

trpo?il
Elnalpbrt1"

Ll il
P2



rou el.oTnpiou, to ozroio zporolet rqv oupzrieon roD l,o6rou cvd,peoc oto elc,rrlpm Kol
ro toilorpa, sK roDroD au(ovet o ouweleor4q rptpnq

In(So) In(Scr)

Etrcova 3.2: Auiypoppa Stribeck. . []

Eucovo 3.3: I16oq perogu tor' l,oyapiOprrrv log(f) rar
loe(s). [1]

LoS (f) vs. Log (S)
{,i3

4.6

4.8

o
o

-1.2

-1.{

.1.6
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Aur6 ava,zaprora rq oupfulrl tou teLsuroiou opoD ( Ah I At ) orqv E€.(3.3).
Arno 8qptougye[ 6vo gpoxo oro Stdlpo,ppc Stribeck, erooyowoq ptcr plKprl zoo6a'1to pr1

lpcppx6rrltoq oqv xopzn5?,"q Mio ypotltllKq zol.rvSpopucrl 0166;rl rr'1q ropznilrlq
gzopei vo sKgpoorei ozcoq or6Lou0a,:

l n (0  :m ln (S )+ ln (B )  ( 3  6 )

H Kf.iorl 1116 ratoLlrl\q rupz62'r1q tou Stribeck eivot to m Kor l" (B)
cvnotoilorq, e\aprarar on6 Tnv ysopetpio tou el.oolpiou. H rapzn-rlotr1ro rou
einrqpiou eivor ro0opropAq rrlq q avalo/o rou rotkbpatoq rou 7Epoqi.l" tou el.crqpiou
(C) oro oxpo tou eLar4piou noc,e ro uryoq (o) rcu aapoful"xou npoqi.l- 

'EXet ppe0ei on
peropol.lov?o6 ro uryoq L tou ekralpiou Statrlpiowoq otoOepn rqv ro,pzruLorqta 6ev
er4peo(et rrlv e{oprqorl rou ouweLsor4 rpfrlq ev0D vnapyer prya\ ox6ol petcrfri r4v
xcpzrulor4ro rou elacqpiou rat ourrlg rng 46pqo'nq.

Oec,rpcbvroq curd ro pow6i'o 8rlptougyei povo6x6q rca,prnrleq tou Stribeck tno
&6oprevn yecopezpic tou elorrlpiou peropoLLowaq rnv KopTrulorrlto tou elnrqptou.
\Irc ypopprrq zul.w6popu<6a1to 6yer napaotaOei yu vc oledoer to ln(f; Kot ro ln (s) .
Otc.v peropaLLetot ro cla az6 0,001 p6pr 0,035 1Y nc,pdperpoq (orov o(ovo) ln(B)
xo.r q rl,ioq roD m a,l^la(ouv 6zoq ere(q1ei q Eu. (3.4).

Errovo 3.4: Iuweleoreg rrlg {iocrloqg tou Stribeck. [1]

T

i
i

h. . .  I1_ [ j r i r )N
i t I f:, r\ I i_) (i t-t Kt{

1

1.75

t.3

t:6

!

2.15

2t

2.26

2

t.75

1.5

t2 ,

t

0-75

0.5

0.6
o.mo 0.005 0-010 0.015 0.020 0-02s o.oso

crA Rrlo
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3.1.1.2. fleptoXrl prxtrlq llzavoqg.

H rtpti rr'1g ncrpopdrpoo Trou 8toltopi{er tov prrr6 rar o8poSovoptr6 oriorrlpa
iincvoqg eivar q Scr pe tnv oDptl€ro1r1 tou ouwel"eocrl rpfng pcr, 6ev etvot q tqrl
orTlv ozroio to el.dlror o nuyoc, cpr.l4r l,a6ror5 eivor rcoDrivopo ps ro o-uv6ucop6 tou
uyooq rrov ovopcrl,rrirv tou el.nqpiou ror rou totXrilpatog rou rul"iv6pou. H p6toLLo
pe pdrcrLl.o encrqrl o-uwel"emrlg rpftlq yur oprcrrfl tprBrl eivor Fo KOt q ovdororpl
napdpetpog eivar So.

H ripq So prnopeivc georpq0ei coq 6voEnohi ptrcp6g opr0p6g (So<10-'0) rct Fo
pnopei va ppegei an6 ratdl"Ir1l"oug nfvcrreq ouvtsleotrilv tpfrlg. Auoarlrbq 6w np6n:r
vo unote0ei av o avayvcboqg 6w pper ro onlnio petdpoorlg on6 ptrcq oe u8po8uvottucn
iincrvorl. Mur l,oytr4 on60eoq ylo ro Scr pooi{eror oe pia runtrrl oDpfisplgopd tou gr.}"p
la8rori Kor roD el.oclpiou Kor roD totlrirparog tou rul,fvSpou to riryog tov avopol"r<bv
eivor Scr: I 104.

Yno06rowag 6tr or ttpdg Scr, So ror Fo pnoporiv va lqq0oriv o ouweLeor(g
rpfng yrc pmq ?"inovoq eivot:

ln( fcr\ - ln( fol .. ,-
#(ln(S) - ln(Scr)) + ln(fcr)
ln(Scr) - ln(So) 

' (7)

Iuvonoxo, pe 6e6opern qv KopzrukDpsvtl crvol"ofo (c/a) to crvtimotlo
6taypappa Stribeck pnopei vcr nopolOet oqv u8poSovcptrrl reptopl lpqotponouilwog
rqv Etr.(3.4) rar E(. (3.6) ror oqv plcrr1 neptolq Xpno+ronolrirvtog tqv E(. (3.7). Av
ro r(66eq too la6tori, q t6or1 tou el.or4piou, nteol nioo on6 to elatqpto rat tl
mryptaia raybrrpa epp6Loo elvor yvcootd,, o ratdtrf,r1].oq ouvte]"eorr1g tptBtlg pnopei vo
iqgOei- Aa6 tov o-uweL^eou1 tpfnq, 11 8rivcrprq tpftlg pnopel efro].o vo unoi.oyrtel

3.1.2. @ecopqrrKq avrizrtulq qg tptpqq too ocirpcrtog.

To powfl.o rqg tpfng tou o<itpotog eivat Baoropwo otrg arc6l"oogeg c,ppr6g
uno06oeq.
o To o<irtro etvcrr n),"r1prog puOtopwo oto 1.66r un6 ro oTlftsio ew65ou tou la8rori pfyprro
orlpeio e(66ou tou.
o Xpnotporoutror 6va Neur6vro l.wawrr6, upa egapp6(etor q e(iocoorl tou Reynolds.
. @epprr6g Kcr elootrrdg nopcrpopqrboerg rou ocirpotog tou epp6loD Kot roD toryilpotog
eivot crpel,qr6eq.
.Oeopeirar ro0oprilg u8po8uvoprc4 l,{navoq.

Oeropeitot 6rr ta napordtco psygh eivat yvroot6.
o H otryplcrlcr taritrltc too etrrB6fou (Vp).
o To (rir8eg roo lurovnrof (p).
o H pooucrl yeropetpin too orirprotog tou epp6l.oo.

A6yo rou 6tr ro nayogtou gr.l4r too l,abror5 norrcl]:t Kot ott€ 66o (olol'trfq rot
orrrvrr6g Suu0rivoeq) q 8roSdoronl e(ioolorlroD Reynolds per.o(etar og orol.oriOoq:

t7



l_!( , 'q)* L!( ,, tol= -ov4+n4
r ra t \  Ax)  , 'F fu l  a / )  0 ,  0 t

(:.s)

Aur6 ovcmoioosrot coq crrol.o60rrlq:

3 h' Y+* h' o=' | *\(rr ' ++.fr ' +l =-6ttvp**,zp* (:.q)
0x 0x 0x' r '( q ry Ay' ) dx dt

lupgrova Kol ps qv Errc.(3.5) rl E€.(3.9) yivetor:

3h( i .  i \2  
h( i  +1,  i )  -  h( i  -1 ,  i )  p( i  +1,  i )  -  p( i  - t ,  i )  *

2dx 2dx

3h(i,il2
t h(i -1, j) - h(i -1, j) p(i +1, i) - p(i -1. i) *

rt 2dy 2dv

, , .  . , r  p ( i +  l . i )  - 2p ( i .  j ) +  p ( i - l . j )
nV' J )- 

a*" 
*

h(i, i) '
I  p ( i+1 ,  j ) -2p ( i ,  j )+  p ( i -1 ,  j )

r t  dy '

- 6vpp
h( i  +1. j )  -  h( i  -  1. , r ) h(i, j) ,  - h(i ,  j) ,_,

+12p
dt (3.10)

Or oprcrrdq ouvOrlreg eivor:
o H nGorl oqv eioo8o rar ri(o6o rou gr.l"p la8rori etvcr ctpooqorpuq. H efoo8og rcrt

6(o6og roo qr^l"p l"o6CIr5 eivCI,r erei Trou Tl lri€oq tou <pr-l"p ),o6rori upyi(etrar teL€td)ver
o Xto t6l.oq qg ncrl"w8p6pnonq n r€prgeprurrl nieoq too orlpeioo avo<popdg np{nerva

eivcn 11 i6rc 6nroq aunl nou 0ecoprl0qrs oto opprc6 orlpeio.
o Iro t6loq cqq ncrl,rv8popnonq ro nuyog gr^),p ln6ro'6 nptnet va 61er ulv i6ta nprl cn6

yro ltovlcr otpo<pdlou 0o rar 720o.

Av q otryprala 06or.1 too epB6l.ou eivcr Tv(DorR, ro naloq roo <pr]"p ].a6rori h (i, j)

pnopei vo l"oppdvetou Av to h (i, j) eivor yvroot6 ytc rd0e poipc qg ycoviaq
otpocpdl.ou I fit€o-rl tou <pr-l"p la8rori propei vo unol.oytotei l"rivowoq pto oetpd crn6
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c,tyepprreq e(rorboeq zou l.o.ppc,vovru,r u,no rnv E€ (3.10) Ko1 rq oproreq ow9rlreg.
Otcv ppeOei n deol rou grl.p la8rou 11 8uvopq tptpnq pzopei vo uzolopotet.

Errovo 3.5:ll)'eypa qq pe0o6ou nerepcopevrrw otorleirov. [1]

Me orcoz6 vo uzroloyrctei q orcrwrrrl 06o11 rou eppolou, ot 8eutepeuouoeq 8uvopetg
(5uvopm6q) tou ociiparoq npbnet vu, e(eto,moriv oe eva ol,oK'"Ipolpwo rvrlpottxo ror
Suvopm6 pow61o. H 6wcprcr1 avoluorl Oerrlpei rov 8rcoornpo Kot tov nsi.po tou
eppolou oav 6vo oriorqpa pri(aq 6uo orlpelolv ge rq or6lou0eq zopo,6o16q.
Krvqaroi cyvaroror
. H pa(o rou eppoloD Kor tou zeipou eivor m3 : x 3 rat z 3 eivo,t o6poveur6q

ouvtovioeq rou r6vtpou po(oq tou epp6lou.
o H pd(o rou zrovl.rvbpopouwoq pepouq rou 6rootrlpa eivcr m2 : x 2 rat z 2 eivot ot

a,6paverar6g ouvrcrrrrosq rou zeipou epBolou.
. H pa(c rou neptorpeg6pwou p6pouq tou 6toror4po eivat ml.
. H too8tivaprl pd(o rrlg oSpavaarrlq poTtnq tou 6roonlpa efvot rc.

flaipvowoq ottyptcic, tooppozria yLo.to. orlpeia P rat O (Ew.(3.6)) rat rooppoztbwo.q
rtq 6wape4 nou svsp1oriv oro ocbpc tou eppolou 6rlprougyoirwar 6weKa oyvcootot
ror r6ooepq e(tocboe4 nry6a rcwqcxoi oyvrrlmot rat 6uo Klnporxoi" onatq rpotvetor
leznopepcbq:
Avagep6pevol ofilv Etrc(3.6) , notpvowoq ro onlrtiro P otq onpsio rooppozcicq rcr
0ealprilwoq ort 11 yorvic rnq Kliong tou eppoLou I: 0:
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^  d 2 x 3  ^  d 2 . 2 3  d 2 )
\e  -  u ) .  m: .  

o1  
+  cc  .m3 

dr '  
+  tp .  

d t2  
=

- M -t, - l l f f ,-et - bb)Ft -(u +!>r1, *'  2 ' "  2

(rn-bb) Fn - u Fgas -(u-e) m3 g

flaipvowoq to o-tivol"o rrrrv 6uvd,;reov yto toug d(oveg x Kol z:

F t -Fn -A2=*3d ' ' ^3
dt'

(-Fgas - m3' s - Fft - F/r) + Al = fid::u3
dt'

(L2 + e - ulmzt! + (tl + cc)m3{4 *'  
dt '  dt-

xavovtoq to i6to ylo ro orlpelo O, or e(roriloetg eivot:

( , " d t x2  ,  , , d222 ) . - - " ,  -  d t f  _
I t-L----------1- rJL--------- lm-+ i -----l- =

\  dt '  dt '  )  dt-

(3. r  6)

( 3 .17 )

(3. l  8)

(3 .1e)

(3.20)

-M - (u - dlz - L2) Fft- (rt - bb + Ll) Ft-

(u + dl2 - L2) Fft-(u - e -L2)m3 g
(rn - bb + Ll) Fn - (u - L2) Fgas

oo = -( 4)'* . ,o *o'? ̂. ,e
\ d t  )  d t '

Ta, 8rcrvr5oporo oto, oqpeia O, P rcr G eivar:

di = -( 49)'^.", * !i! o,a -( !!)'
\ d t )  d t '  \ d r , )

oF = -( !9) '^.",  *! : !  R. e6 -( ! ! \
\a t1  d r '  \d t )

L el  +4t "A.. .dt- G.2t)'  
,.uT *t4 r.,a

dt_ G.22)
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Errova 3.6 : Ircpiqrlpo rou orilpctog tou eppol'rru

t l l

Krv4nroi oyvcootot :
Fft. Ffn: 6wopaq rptpnq
Fnt, Fnn : rcovourc6q 8uvo.petq
rL rn : Ksvrpo TriEoIq
Al, A2: o(oux6q Ko1oKflv1K6q 6uvdper6 rou zeipou tou epp6lou
!I rprprl zou aoraito,t orov Tttlpo tou epp6Lou
Krvr1 panrot ayvorotot:
forvia rou 8uoonlpa g
I-orvic rlionq tou epPoLou l"
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Or a.xolouOeg tno06oa4 Kot ozLozoqoe4 pzopouv vo. ytvow Tto vo eLnmroOei o
oprOpog row ayvrbotrrrv:
o H pofirl M pzopei va uzolopotei ov or A1 xor M ewur yvroot6g lpqotponoubwaq

to pow6lo enil.uorlg y1o toDq tprpeiq
o Or napa'yoweg q, dgldt rat dg'ldt'Oeopettor 6fl eivot ioot pe tqv nepbnaorl not)

ro epful.o 5w 61et Kfion
o H (d<pl&)2 pzropet vo uzore0ef 6rt ort eivor zol.D prrporeprl ozo n1v dqldtT Kot vo

c.1vo40ei.
o To ozor6leopo rnq sKKswp6rqro6 tou epp6lou ortlv oznl orqv tprprl rou ocitpctoq

tou epp6lou eivat oqptovctr6 , aLl.o 11 ezr[6poo4 'rnq xlionq orqv tptprl tou
eppoLou eivor zol,D pxpn ft' aut6 11 yctlvio l, 0o oyvorlOet ol,l.o, 1 ercrewporrlta
aurn 0o nepri\.qgQei Aur6 eivcr zpotpav6q 6tav 6oupe trg Etx.(3.7) xcr Eu.(3.8)
onou q erccewporrlro roo eppolou or4v oznl Kol rl Kl,ton tou 6zou szerteivovtq.t
or1€ lrsTloteq 6wot6q np6g rouq ocnv un6 Sotcpn pl?(ovn diesel Deutz. Ano

Tecoperpm6q ovol.0oe4 our6q ot peyroteg flpeq pp6gnKov : I 1o:vic > : 0,08o xot
q ercrcewpornro roD eppol.ou or'1v orq [(hon - hof) or4v Etr. (3.6)] = 80 pm
(ouvol,x6 6drwo) eivar 80 prn 'Onroq goivetar 11 exrcewp6rllro roD epp6lou otqv
orfi Eyet peyolutepq ezriipa,oq or4v tprBrl tou epp6Lou az6 qv rlioq tou
eppoLou.

t t l l l l l l
I t l l l l l l

-  -  L - - . i  - -  I  -  -  J - -  - l -  -  - L  - -  L  - - . 1 -  - -

t l l l l l l

l l l l l l l

t l l l l l l

l l l l l l l

t t l l l l l

t t l l l l l l
-  -  r  -  -  T  -  -  a  -  -  - -  -  - l -  -  -  r -  -  -  r  -  -  t  -  -

t l l l l l l l
t t l l l l l l

-  -  L - -  l - - l -  -  J - -  - l -  -  - L - -  L  - -  I  -  -

I
I

f r f l l j - - + r l
-  -  t  -  -  + - -  <  -  -  # - F -  -  l -  -  -  + -  -

r r t l l l l l
I t l l l l l l

l l l l l l
l l l l l l
t t l l l l-  -  
i  

-  -  
T 

-  -  - j  -  -  - r -  -  - r -  -  -  
t -  

-  -

t t t l l l

I o.ol o.0r l.Ot c.aa c,03 o.oa a.o1 0'!l l.ot
Plrb. nt (d.e)

Etrovo 3.7 : Awcpl tprprjg tou €ppol.ou oe qleoq
pe qv r),ior1 tou. []

H u,6pcvera,rq $uvopq tou epp6lou oe o16o1 pe ?nv orcrturcrl ennoluvoq m3 d2

lz 3 I dtz etvar zo16 pxpn av ouyrpr0ei pe qv 6r.ivopr1 42 tou zeipou tou eptp6lou
Kor Tnv Susucoq rovourrl Suva,pr1 Ft- Fn. ft' au'r6 to m3 d (23) I dt" 0o, o,yvor'1Oei
Awo 61er ernpepatolOet (petri oz16 uaoloytop6 tr1q 6r5vapqq rpfnq zou 6ywe) ano tqv
Erx.(3.9) q onoio 8efper 6a 11 rtptrl tou U tmololrop6vou o.Spovero.rou opou etvat
yeinxorepa pxpotspo ar:o 0,2%o rr1g M q (Ft - Fn). Or apfq tou ogol"potoq efvor

Feydl€q oro vsKpc, orlpeio ytorirl M ran(Ft-Fn) eivar o1e66v p46w orc. olpeia ourtd,,
64ptoupyolwog ou(ov6ps\nl o1pCI,ota oto olearo oqafuro. Aolro rou oa to ozoluto

-

o

a
o

E

l7.l
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oqol4ro rou M3 dz Q, I d{ etvar eTriong zol.u pucp6 o' aurd ra oqpsfc, our6q ot
o(uroteg au(qoeq pzopouv vo ayvor'10ouv.

Plrto ofit t h Br. {ml

Errova 3.8: Awopq rptffg oa ot€oq Fe
errewpoqtu tou reipoo tou ep$)'.ou. [1]

Ta x3 Ket x2 0a Oeropr'10ei on eivot ioo pe ro x3 rat" x2 ?ou tpp6lou rou tivot
ovo,yrcaop6vo vo Kleitot orrlv o(ovrr4 Sreu0uvorl p6vo. Auto 0a Oeo:p10ouv roq
5e5op6vc ywriao 6ppolo 6w e(eta(etol Tto qv xlioq tou.
Ta, rc6vrpo zcieonq (rn, rt) 0o Oeotpr'1Oei on wepyouv mo rewpo tou zetpou tou
epBoLou. Ko,t out6 ariolq rcXusr yrarf Oecope{tor 6a ro 6ppolo 6w 6xet rlion.

1.0%

o.vA

0.0%

o..%

, o.na
o
i o.orz

4.?h

4.4c4

4.6%

{r.8%

-1.O%

180 3GO
Crank Angle Degree

720

FI}III ,l , lrfr
rr F

Errcovo 3.9: Irpri)+lc oe oleoq pe rrlv e[dieryT] rou oKnvtKou o6pcvetcrmt opou [l ]
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!{ero trq unepdvcrl
ouvcptr6q e(tociroer4

Or Suvdpeq tprBr1g eivot:

anl.onoqoeq 0o X,prlotporotn0or5v oto povtfLo

n3 x3- Fgas - m3g - Ffr - ffi + Al = m3- "" dt '

hdp  Vp
T=- "  +U '

2dx  h

'3, 'o
Fft = E l"r.rp(x\dxdy

2

Ft_Fn_A2:g G.t2)

I ft, -, * )$l^, * nff *z *,, ff =L '  d t '  )

or 7[opoKoTo)

( 3 .1  I  )

(3.23)

(3.24)

-M-(u - dl 2 -L2 ) F ft -(rt -bb+L I ) Ft- (u -e-L2)m3 g
-(u-d I 2 -L2\F fn+(rn- bb+L I ) F n-( u-L 2 )F gas (3.  r3)

Ot e(toiiroerg (11) - (13) 8ivoDv toDg or6Lou0ooq oyvrbotoog:
Ayvrirotoug rpfqg Ft, Fn, Fft, Ffn
A'yvdroroug xnn'lcrxorig Al , A2
Ap<irotouq KwnpcrtKor5g x3

Yzrdplouv tperg e(toriloerg rcot eqtd dyvorotor dpa to rcp6pl"qpo napcpdvet

oi-uro. Av 6potg 11 06o11 tou epBo).ou Oeropq0ei yvtoonl t6te t6ooepq dyvrootor Ocr

*c).etgOoriv . T6re onup(oDv rp€16 e(toriroerg Kol rpeq dyvrrrotot 6pc to npoBlqpo
yivetcn enfifotpo.

Mrcr ror 4 orrrvrrfl 06o11 tou epB6).ou eivor yvromrl to goptio sTroqtlq (z) propei

ru ppeOet Kot ol dyvrrrotot Fft, Ffn, Fnt rar Fnn pnoporiv vo unoloyrotorlv:

Ef.
2

Ffn =
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r.rp(x)dxdy
(3 .25)
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H rcavovxeg 6uvd,per5 eivot:

Ft - p .rp(x\.sn(y)dxdy
(3.26)

r ,

rn = E l, n .rn7) .sn(y\dxd(y t
2 (3.27)

3.1.2.1. Mow6lo too o<irpatoq 
"oo 

epp6?,.oo.

Eva ozl.ozoqpwo prowflo rpfnq tou orirpcrtog toD eppol"ou 61et avontul0ei
pao(6pwo oro oTrorsl,dopora trrrv onepdv<o Oecopltrrcbv ovolfoeov. To pow6)"o
pcoi(eror ota or6l.ou0a:
o To onlonoqp6vo pow6l.o 0eropettor tog ro oto0ep6 p€pog rnq E€. (3.8) . Aut6

erod,yer 6va ptrp6 o<pd,l"pa alJ..o e(oleiger rnv ov61rr1 v0 Oerrlprlooupe
Seutepe'riouoeg 8ovdpeq rou otilpctoq tou epB6Lou.

. H E€. (3.8) uno6rll.ritver 6tr q nieoq rou <pr.),p )"o6ro15 ou(dvetor ypopprrd ps rnv
ta,p5rrlto tou epp6loD Ko,t ro (66sg. O po0p6q rng ni€6qg tou <pr.l"p laSrori 0p10:7-
etrioqq cru(dvercn p€ rrlv tcrprr4to tou epB6l.oo Kot to r{rb6eg tou. A67<rl rol)
rpoptioo encrqrlq (z) q 8rivaprl rqg rprptlg o,u(6vetot ypo,pprrd pt rTlv topiclta Ku,t to
(cir6eg tou la6rorl.

o H Dfvopn tptFng rou odrpotog roD epp6Lou ou(d,vetar ypoprpxd ps trlv a6$1ot1 totr
prlroug enogtlq (a) .

. H tp$rl tou orirparog tou epp6loo cu(dvetot ypnpptrd pe ar5[r1or1 trlq 6rop6tpou
rou orbpatoq.

. H rpfn tou orbpcrroq too epp6l.or-r percbvetcn F€ rnv orrEnon tou eldXrotou
6ror6vot-r peto$r odrpotoq xat rcul"ivSpou.

. H tprFrl t6loq tou orirporog too eppol.oo peuirvetal pe rnv of6no'n qq rcoprrul"6apo,g
too orirpotoq.

Scp =

H loparrrlptotrrl napd,trretpog scp Troo eivot pcorop6vt'1

6 e6o p6vcov 61et avcrzrnrlOei rog crol"oriO rrrg :

D = 8rapretpoq rou rul'ivSpou (m)
d : M6yrcr4 Sdpetpog too otil;ratog tou epp6l"ou
c : prlrog roprrul.6t4rog roo oritpatog

(3 .14 )

os prc pq/dh neptopl

H Err.(3.10) crvanaprord tr.1v napdpetpo ftp rrlg ouvdptr'1o1 qq rcpop6rpoD scp
yrc 6va eupri gdopo rTlg yerrlpetpiag tou etrrp6loo Kot rou ru)'iv6poo. fra va tr190ei 1
6rivu,pq tprpng ytg 6e6opwq yeropetpia roD oritpatog rou epp6lou cn)d

npoo$opi(tror ll scp orrlv Etr.(3.10) rot ppioretorn fcp.floLl.anlaoto(owaq rnv fcp
pe ro (dr8eg tou Lo8rof p" pe rrlv orryplorn ruybrrpa tou epp6lou Vp, Kot otTl ouv6leur

t )  I
L - l

2.

, 7  l
-  d ) t  c B(2
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=-

lrs ro pnKoq roD Koviporoq rou eppolou o lcppaveto.r q 6r5vopr1 rpfnq tou otbpctog tou
eppo).ou oza4 go,tverot orrlv E€.(3.15).

F f :FcppaVp  (3 .15 )

Aroperpoq rul.iv6pou (D) 0,095 m

Meytoro Surwo ruliv8pou 160 pm

Aro8popr1 eppofou (S) 0,095 m

Ercrcwtp6rqro zeipou eppolou 0,00 m

Kaprrulorqto npcirtou eLa,rqpi.ou 0,001 mm

YVoq zprinoo elaalpiou 2,54 mm

E).oortrr1 5r1vc,pr1 npcirtou elc,r4 piou Maytoro 80,0 N, eLa,pmo 60,0 N

, YVoq 8eutepou eLnr4piou 2,49 mm

Meytoto 66,7 N, elaXtoto 50,0 N
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4600
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2500
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It0

100

56

0

Scp (x 10,000)

Errova 3.10: IXeorl peta[u rcrrv tropopsrpov Scp rar Fcp. fll

Aaotel6cpara fll€ npocopoirrrcqg .

t ELa,oarn Euvopq Seurepou elarqpiou
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YVog el,oolpillu labrou 4,00 mm

El"crmKn 8rlvcrpq elnqpioo La8tof M6yroto 80,0 N, elnpoto 60.0 N

Kow6 pnroq orilpctog 0.03 mm

Atdpetpog eppolou (d) 0,0948 m

Arnovttr6 SAE 30, SAE 40

I(<il6eq l.mowxoti otoug 25oC SAE 30 200 mPa

SAE 40 300 mPa

Taptqta pqx,cvr1g Me'ytorq 1500 rpm, el.6Xroc'1 500 rpm

M6yroq ni€on rul"lv8pou 3,8mPa

'YVog ovropol"trilv El"6Itmn 0,001 mm

Meyto'cq 0,002 mm

flivaxaq 3.1: leroperptrd Ksr KorqoK€uoorxd lapanrlpromd'[l ]

Tcr nopa}ern6pwa yecopetprrd Kor KorooKsDcrotrrd XopoKrrlplotrrd tou ouortlpatoc

eivar rotayeypapp6vc orov llivorco (3.1).Autoi <l1 ncrpdpetpot pooi(owctt oa

XopoKrnprortxd w6g povori rcui"iv8poo ptag diesel pn1ovng Deutz. 
'OLeq ot avcrtrtioeq

nou 0o yiuouu 0a eivar Yur Kol yto toDg t6ooeprg p6voug rTlg pllovng diesel, 11 onoto

dler <poprtorei pe nkorl p6oo otov rcril"rv6po. fro yotvia otpoqdlou 0 l"oprBoverot oq

ANI lopiq vo 61er 6o0et ax6pa onrv0rlpog.
Itrlv Etr.(3.11) naprotdvetct 11 rapnri),q cqq nieolq too rul.iv6po9 tl onoio

Xpnorporolsitor e8rb otov unol.oyrcp6 rqq o-uvoltrrlg 8rivaprlg rpfng (tou ocbpozog Ko1

iorv elatrlpiov). Autd ta 6e6otrr6vcr yto rTlv 6rlproupyic tr1g xoprnitrng qg nieo46

npo6plowot on6 nerpdpoxo Trou 6yrvov ornv Trpoovaqep0eioa pnxovn'

3.1.3. fevrxeg rapaqpqosrq qq tprpqg tov elutrlpltov-

H Erx.(3.12) me$yei cqv o16o11 qq rpfns tou elanlpiou pe rqv tcpn]ro rn,c

tlqxovng , 6nog unoloyiot4re an6 to povt6lo ftoD 7rpoovo96pftxe.
1. 

.-H 
66vapq rpfng ywm6tepcr ou(dver ps n1v o66noq rng rorDrnrog rnq pqxovnq.

Aotrl 11 zropaclpqoTl oupq(Dvri ;.re qv u6po6uvop.rcn reproxn oto Srcypcrp"po rou

Stribeck Kot ps ra onorelrioporo dl,kov dp0pcov.
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Gyllnder Ptugsurl
(torordl

cmf AngbO.F.

Errova 3.1l: Kcpruh rqg rieorlq tou rcu)"iv6pc,tr ^{1fl rr;
500 rpm. [1]

2. To nayoc,rou gil"lr la6rou ywrK6repo oulovet pe orifrloq Tng tofurtlroq Tnq Pn1,ovnq
oe oDlrqo)vio Kot Pe rifi-lc aPoPa.

3. 4z6 qv ropornpnol 2 no navtr 0a &pare ro nayoq tou gr.l4 tou laSrori vo e[vor
elcltoto o?o veKpo onp€io (ovro rar racor), ogou n rayi,rllro rou elvor pnSsvrcn Ai'.],o

ro fiagoq rou gr.l"p la8rou 6ev eivat elcXtoto oe arnd to or'1peia. O loyoq eivot ort
rmapyer peroriv4oq tou eln;tmou zolouq tou gr-l"p laSrorj uno a& verpd, orlpeio. Arn6

ro gow6pwo ppiorcetc.r o€ Gupgovia pe to uSpo8uvapxo <pow6pwo Tnq oupTrteorlq to

ozoio ppioremt oe oCIpgovio ps rov nopdTowo Olr/ft rnq e(iocooqq tou Reynolds. Atn6

to gow6pevo eile sfqyrl0ei fi€lpopottKa np(ma azo tov Ting.
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Errovo 3.12: lltiXog zou pilp )'o6wD tou e)"crqpioo rcr
8rivopq tprfr1g. [1]

4. H 6wopn rpfng oD66vero1 F€ rrtv auhon rnq Tdeong tou xul.iv6pou. Aur6 to
rpowopwo oDpq6)vei p€ to $uilpoppo tou Stribeck rat oLln 6p0po. H ou€qon rnq

e
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ri€6;.nq rou Kul,iv8poo TrpoKoLsi arilrlorl or4v 6rivapq peta$r tou el"crr4piou tou epBol,ou
Kor roD ru),tv6pou. H cni(r1or1 qq zrieo4g too ru)"ivbpoo rcporoL:i peiroorl tou

ouwel^eotr1 zp#qq oto u8po8uvaprr6 oriotqpa tou Sraypdpporoq tou Stribeck. H

Srivaprl rpfng ou(dvetot rcotd peycrhirepo Troooot6 loyro rng 066nong qg nieoqg crn6

ro noooot6 tqg preiroorlg rnq ^.6Yo tr1g ntrilo4q tou ouwel€ocr1 tpfl1g' 6pa r1 8rivapq

rpfqg tel"rrd ou(dvetor.
5. To ndlog tou gr.l"p tou ).a6rori per6vetor L6yto u1g oo(rloeroq r4g nteoqq tou

rul"iv$pou Kot Tro ttg Srio roprn5ls6. Aut6 ouppoiver l.oyto tou 6tr q preyohrtepn fitson

orprirlvet to el,nnlpto nr6 8ovoto oto roiltopa pmpuivowcg 6tot ro naloc, tou <pil"p tou

la8rori.
6. Mero(r5 trov ycovr<itv rou otpotp6),ou 345 rat 375 otqv roprni)'n Yta tq 1500 rPm, l'l

6rivcrpq rpfqq petdrveror ps cqv ori(qor1 qg Triso-rlg tou rul"tv8pou. Aut6 oupBoivet

an6 tov o-uv6uoop6 rqg percop6vqg tolurqtoq rqq pl1ovtlg Kol rng a6€non rng lti€ong

tou rul.iv$pou, 6ror peubvetcn o ouwe^rorng qq tpftlg rotd peycrhrrtpo Trooooro an6

to zroooot6 rqg tpuotoloymrlq {ru6no:ng tqg tpfrlg ror te}"txd 61oupe pei<oot1 t4g

8rivcrprlq qg tprprlq.
7. Eivar d(io npoooplq 6tr rotd qv tpdoq tr1g oupnieong n 66vopr1 rng rpftlq olog345

eivo,r peyohirspq (tfi6 r4v 8rivoprl rpfng ou4 375 Tl(t rnv qdon qg erct6voorlg. Aot6

o-upBaiver yrati r'1 nieorl rou rcu),iv8pou rord to t6l"og tr1q o-upnteoqq eivot peyo?uritepq

crn6'rqv rison too rcul"iv8poD ornv op1rl rng ert6vroorlg oe plo pnXOVn (o. Erx (3.1l))

dpa nporo).eftar peyohlteprl 6rivopq.
H 8rivaprl rpfng Tur Ttg 6rio elnnlprc pe 8ragoperucn ropzrul.6cqto pnopei vo

ouyrcprgei:6vo olenrd eniTr€8o el.ar4pro (c/a:0,001) ror 6vo nro roprn5l.o eLaclpro

(c/a:0.004). Ot Errc.(3.13) Kot Em.(3.14) 8etXvouv rov tp6tto rorl ezqped(et 1
rccrprrul.6tqro rnv tpfr'1 tou eLcrqptou Kot ro naloqtou gr.l"p tou l.o6ro6 otq 500 rpm

Kor orq 1000 rpm.
1. H 66vgpr1 rpfnq rou Trro enine6ou el.arqpiot eivot pup6teprl on6 outq tou

rapznil.ou el,o,clpioo oqv opp'1 KCLI oro t6l"oq rd0e rrir)'oo l"ertoupy[og, 6nou q

taXlr4to to,1, tliBOlou etvot ptKpn. H 6r5vop4 rpftlq roD Trto edt66oD eln'qpiotr

*'tdutto, ypqTopo F€ rnv ari(qo1 rng totrDrnrog roD epBol.ou. A6y<rl autoLi 11 66vopt1

rprbng tou Trto ezine8ou elntrlpiou eivar peyoluftepq an6 qv 5r5vcpr1 tptptlq tou

*opr*).ou el.atqpiou oto peyoleritepo p6pog tou rrir],oo l"ettoupyioq. O ouweLeoqg

rpiBiq roo rno inine6ou el.crqpiou (envd crn6 ptrp6tepeg trpeg an6 tov o-urneLeotrl

rb,Fni tou roprn5lou eLatrlpiou oLl,6 au(dvrror F€ tqv tcrprtrlro roD epB6lou pe

preyo)o5tepo pu0p6 oe o16oq pe to ropzn5Lo elnttlpto.
2. H p6on fitivapq ip,Fng rou nr.o enfte8ou elatr1ptou eivor peyohirtpTl os o16oq pe

aun'1 tou rapuril.oo elaolPioo.
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Errova 3.13: Eri6pcorl rqg raprul.crcqro€ roD eiorqptou
yrccq500rpm [11

3. To eTrhe8o elarrlpro qoiveTol vo 61a pupotepo nogoc, grlp laStou orqv p6oq

rou KriKloo Letrougyiaq Kol psyc,lilrlpo itogoqqr-lg l,o5ror.1 otc veKpo onpsio oe o16on
pe to rcopzdlo elarqpro Aurn q toorl goiverot ela,gpcirq or4v raprni\ trov 500 rpm ,
aLLa oclv rapznl\ rcov 1000 rpm gciverd,l ourn q roorl filo €eKoeopo. Aur6 ouppaiver
y1gri ro naToq ro gil+l lnSrou yto ro KopTnilo elcr4pto tivol rlo zuaioOlto or4v

ta11lr4ro rou spftlou &n' ott ro naToq rou gll.p la6tou Ttc, ro efiireSo elartlpto (pe

aLl.a )6pa n nspro1n rou rro1oDq rou <prl,p la6rcri tou rapznilou eLa,rqpiou eivar
peyol,urepq ono ourr"1 rou ershe8ou elarqpiou). To erizeDo elarrlpto cpf(er oto vercpo
o4peio pe peyu,Lutepo zroloq gr.i,p La,6ro'6 an' oa to xopzmlo elarrlpto. To na26og tou
<prl.p la$tori rou eTdz€6ou elc,z4ptoo 6w ao(d,vetor to tSto YpqYopo 6zcoq our6 tou
ragzniLou eLarrlpiou rc,r 6zor to rapznllo el,crrlpto rcrtal4yer va, 61et peyolurepo na1oq
grLp LaStou rota t4v Sd,preta to rcfrlou lettougyioq.
4. To er{ne6o eLornprc 626et qv too4 vo 6lpuougyet }.qorepr1 pxnl Linovotl o€

o16on p€ ro raprmln elarrlpto, Loyrrl tou oa ro efiine6o elornpto 6qprouplef
peyo?i:urepo naxoerpr.l+r l,o6rcri oto verpo orlpeia, oe o16o11 g^e ro xapznilo elcrrlpro.

3.l.4.Ievrx66 rcpatrlpr{osr€ 
"tlg "ptp{g 

too cdrpctoq too eppriloo.

H Euc.(3.10) ouyrpivel rrlv Sovapq psro€u tou eppoLou Kot rou totlcbprotog tou
ruliv$pou lre ro crcvtr6 erc6nrcpo rou epp6lou ufioloyrcp6vo an6 to aval.urrx6
pow6lo. H 6r5vopq ourrl 0eopeirol6Tr eivot ri Duvapq zou coxeitat ano to 6pfulo ottlv

6e(ui pepui tou ruliv8pou 6notq gaivetat oqv Eu.(3.6). fra cut6 tov loyo otov to

ephlo nb(etqv 6efta zLerpd rou rul.iv6pou, n 6wcp4 aurrl 0ecrlpeitar 6rt pptoretot
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orov o€ovo z otq esruq nleupa tou. Arol.or50atq otov to epfuLo etvcr or4v 6e(rc, pepta
rou rultv6pou ro erctoznopo roD ppiorcetot otov o{ova z ofi1y Oerucn n}.eupo, rou.

'Ozcoq ars\fiyerotorrlv Errc.(3.14) ro err6znopo oto ocbpo tou eppotrou petapalet
rrlv Suvopq pera(u rou epp6loD Kor rou ruL.iv6pou. Auto to gorvopevo eivot oe
oupgcrlvic pe tov 6po 0h/0t rqq e(ioorqq tou Reynolds : peta(etot 1p6voq lrc to La6r

Tro vo p&t ano to 6va p€poq tou oiopotoq mo d.Llo 6tcrv egapp6(etot 11 6wopt1.

Eucova 3. 14: Auvapq tou eppoiou rat 6wrsv'o ocbpatog. [1]

H Errc.(3. 15) eze{r1yet c4v oleoq pera,(6 rnq rplpnq nou zporolenan" ano ro orbpc.
tou epp6loD Kotf,nv ray"urrpa qq pqlovtlq

fto r4v tpfrl tou oc'tpatog tou epp6lou pTtopow vo livow or aroLou$eq
7ropo"npnoel6:
1. H 6uvap4 rpfqq tou ocbpo,toq rou spp6lou efvu,r ovd,loTn pe rqv taXlrqro rou

eppolou. Aur6 uno8rlkbver ott q 8uvalrn rou ol0ei to 6ppoLo rpoq ra totXcbpota tou
xutriv6pou 6w ezrqped,(a zol.u r4v tpfrl tou epp6lou. Aurn 11 zrapottlptlorl 61et
ernpeporcOet ru.t oa6 oLLeq 6peweq.
2. H perat6znon rou eppolou npoq"co toigrlpa eivar qq tufiq talv 15 pm wrb to

$rorsvo psro€D rouq etvor rng r6€nq rov 80 pm. Aurtl 11 kttougyia tltt oov cnot6leopa
ro eldpoto nayoqzou rprl"p rcu ln6rou va eivot rnq rdhq rrui.v 25 pm. @erop6woq ofl ro

ouvol"x6 uryoq rolv avopal.ubv rorv rTflqovarrrv tou epp6lou Kot rou totlrirpotoq np&et
vo eivct nepwor:5prn, n u6po6uvaprcr'1 trhovoq npbtwt. va r.nepro26let xctd o1v 6uprerc,
rou rurlou.
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Errovo 3. 15: Ileoq rng rplftlg roD o6poro-c rou €pftkn)
oe ox6on p€ Try ron/qrq rng pqlolrlg uroitoyloF^c\rl Yta
ro ovolunKo powslCI. [1]

luyrpioerg.

Or Eu.(3.16) rar Etrc.(3.17) dyyKpivouv to ozLonoqp6vo pow6lo Kot ro

).eznopep6orspo yro e7r{fie6o Kol Kopfiu}.o elarqpro. To azlonotnpwo powflo ppiorcemt

zol.f rowd oro ovolurrK6 poweLo 6zo4 ga,ivetot Kol uno rrc) 6tn or.rpcpioqreq etr6v€q

extoq ono ro ANE orqv gooq zou 6loupte oTrw0npo Ko1 ovogL€hl (oz6 330 eoq 390).
E$<b to azloaoqp6vo pow6lo tou rcrpzrulou el.a,r4pi,ou goivetot v0 npooeyyt(a to
iczrropep6otepo pow6lo rol,,rnepo an' oc auro too etdreSou €lotnpiou. Arro to
gowoprvo ouppoivet rn0av6rato, Trori ro enineSo elaqpto ttpooytl aeptoootepo to
gow6psvo rieolq ctx.' orL ro Kc,plrulo eLarrlpro oro vsKpd onpsfo. Aoyol rou or1 ro

cnlonoqp6vo pow6lo oyvosi ro gorv6pwo zr[eor1g itpoKol€iror pia oapo ogal.porolv.
'Ozoq ewrirftlre vaipirepo, zo onlozolnp6vo povr6lo eivur paorop6vo orrlv

IopoK"4plorrr4 zopoperpo rou o6puroq tou epftlou Scp. Xe ouprpcovto pe rov iltvaxo
(3.1), D:0,095 rrq d:0.0948 nr, c:0,0001 rn, a:0,03 m. Etot ano n1v E€.(3.14)
Scp:6,000335.

Xupgrovo p€ tnv Erc(3.10), n Fcp eivat zepizou 3000 yrc aurrl rqv rpn rnq Scp
Iuyrcpfverot ro anlanoqpwo pow6lo pe ro lenropep6q Ko1 oKoloo0oq avog6povrol
xanorc o266l.ro,:
1. Ta anorefuEoporo tou lerctoprpouq pow6l.ou pptorowo,t nolr5 rowa ortq np6q tou

an lonoul p6vou pow6loo.
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Errova 3.17 . To orl.orotqpevo ot o1eo'n Ft ro

cvo)"urr6tepo powel.o yrc rcopzrulo e?'"arr1pro. [ll

2. To azlozotrlp6vo pow6Lo 5w avozoptord ro lenzopep6q powe).o axprftbq ̂ 1wrt ro

anlonot4p6vo povr6lo 6w e(era(a owOrlreq Feroqopoq tou lo6tou oro 9LLF xou.
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3. 1.6. Ilerpcrpcrtrxi crnotel'fcpcto.

llerpapox1rrl p60o6oq. H nerpopoarrl pre$oSoq nou Xplolponouitat Y1g vo

F€rpnoel rrlv ouvoluc4 tprprl nou ovotDruoosrcr ozo to ocbpo tou eppol.ou rcr ano tc

eLarrlpto eivat 11 IMEP p60o6oq roD cwoTrtuxgnre ono toug Uras xcrt Patterson. H

pe0o6oq poo(etor ornv roopponn rtoy 6wa,pecov itoD ooKoDvrot oro ephl'o Kol ro

elarnpra.
Ot Suvope4 oureq eivau

o H Suvu,pn r61v aeptrov pzopet vc uzoloytoret crv ot rnioerq tou xul'ivSpou Kot rrlg

elcrolerav4q eivor yvoroteq.
o H o$paveurrl $uvoprl unoloyi(nu ano rqv petpqoq rrlq Tcrlvtarnq ro1-urnroq.

o H 8uvaprl rou 6roror4pa..
. H 6r5vopl rpfqq uoloyi(eraLuno trlv looppozr[a 6lov torv d."Llrrrv 6uvu,perrw

3. 1.7. Eov0r{xeg 6l?reryrlq la6roo.

H prlXov4 lenougyei 1opiq rqv regoll1 'rqq pqxovr1q ror 6e266peq rivqoq ozo

oLl.ou (motored). OWo ouvDuaopoi elaqpiclv rcct o6patog petprl0qrav oqv pr11av4

ourrl 6lovroq fipooayKortxa rtqnapap'tpoDq fiou etvor mov flivaxa (3.1).

Ilepwtrirceq Ilprirto (1) Eebpa Ep!61"ou

1 x x
2 x x
3 x x
4 x
5 x x x x
6 x x X
7 x x X
I x x x

llivorcaq 3.2: Iw8uoopoi e).cqpiou rar ocbpatoq epfuiao. [1]
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flevqwo ouveleiq rc0rcLot az6 tr4 oyca nspvnrrloetg 61ow avalu0ei.

Errsvs 3.18: Iuv6uaopog trov elmrlpiaw Kot rqg 6rwoptlg
qs tprB4g. [11

H E1r.(3.18) eivor 6voq ouv6ucop6q p6lrotorv, elalrototv rar peootv rtpcbv.
Arcolori0coq uzd,plouv napoqprl osq ylo ra ilapul;ovcrl zretpcpato.
L To oiopo mu epp6Lou 61et rr1v ptrp6tegn p66rl tprff 6zcoq 4tav avcpw6pwo.
2. 'Orav tmag14er 6l.o to o0volo tatv elarqptrov uzoplet zol.ri peya-Iureprl tprprl on6
ozotovSrlzote oL o ouv6ooop6 el,orqpiotv. Aut6 eivat cvopw6pwo nari unaplouv
zapazovcrr ouuotriroeq rpftl q oto olorlrl pop6vo ouvol.o el,ar4 piorv.
3. H tprprl tou odrparoq rou epp6lou eivot uao8roircteprl rqq ouvol'rrcrlq tpfr1q rar

np&ra nawo va nsptbyrcat oe au"tl.
4. Or ouv8uo,opot elaqpirrlv zrou epzlirouv to dar4pro la6rori oe ouv6uoop6 pe

onoto8tlzote oLl.o eloTnprc 61et oov ozrot6leopc, r4v ori(r'1or1 rnq rpfnq oe oleoq pe

a.),.lou6 ow$uoopooq eln,rqptov Auto ouppctva yrati o rbpr.oq p6loq tou el.orrlprou
rou la$rori slvor va cno(6et to z].e6vaolro roD lo6rorl oto tot2gcrtpo tou rculiv6pou. Amo
teiver vo zporoLioa pryol.uteprl 6Ll,eryq ln6tou yrfr'ra oLla elctrlpto.

z
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I

Errova 3.19: IwEuaopoq tou owo)..otr tow el.aqpiow [1]

H E116.(3.19) ovozoptota rqv owotrucn rplpn os ornleq lpoppm6v ouv$uoopolv

yu, 8logopetlK t q rlsPvr',do eq.
Eivor <povep6 6n n psyolurcpn p6on ouvoLrrr'1 tpfrl eivot aurq nou ovnotot26ei yto

olorlqpo ro ouvoLo rtrlv rlornpio:v av ouyrptOei pe ozoro6rlnote oLlo ouvSuoop6

elnrqpiotv. Aut6 etvot oripgorvo pe to e(r1q gaw6pwo: 6tov 6va elar4pro nepva on6 to

grl4r rou ln6tou, orc a,xolou0o eLarrlpro zopouoto(owot <pow6pwu 6LLety4g nl'r1pouq

uzap€nq l,o$tor-r. fr' out6 ro l.oyo ro elar4pto 6ev pzopouv vo Oeroprl0ow oav otoprreq

ouvtotrooeq a?r^l.a roto ronorcv tp6zo oov opvl.orcboeq w6q oyvolou.
To pow6lo npbnet va nspu:yel ro oTrortliopcta rqq 6Ll^etyqq rou laSrou pe

orcoa6 vo TEopouotcoer tc cnoreliopu,ro rn6 ouvepyooiaq tou ouvotrou tolv elnr4pirrlv

pmosr ropq.'&roq eaeslyeite orrlv Etr.(3 .20) ro |rqnoro nayoqtou <pr-l"u tou la8rori tou

arc6Lou0ou elaqpiou eivat iro pe ro elrrptoro nayoq la,6rou tou TrpoTlopeUovzoq

eLa,rqpiou. fw rrq oprc,r6g ouv04reg 26peto(etot 1 ezrfluoq rqq E(.(3.3)'
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Fd OilSrrppay

P-riC oil SrFpay
(Stary€d)

Errcova 3.20: Iu€rlrceg eMeryqg tc6ou. [1]

3.1.8. Avdrzu[r1 povt6loo pq1ov{g Ktvoripsvq€ ar6 t\toriepx{ qT{ Xonpiq xegcrlri
pqxav{s.

ot Eu.(3.23) Kor Etx.(3.24) ouTKpivow ro 0ecoprlrtx6 povt6lo Kor ro
r6lpoporrKa anoreLboporo ylo ro oropa tou epp6l.ou Kol ro elnrqpto ovnorotlcrrq. Auo

6ra6oprot rurlor rrov 360 Seilvowar yta vo ene(qyrloouv to zooo etrovolappovopwe;
eivar 01 petprloe4 rnq ouvoltrcrlq eRA) rpfnq. Arcol,ori0roq eivat oplopsvt;
noponlp4otlg Y1o ta 6uo outd, olnporc.
1. H E1r.(3.23) Seirver 6a ro pow6lo rou oorpa,roq rou eppoLou tarprd(er pe ra
nerpc,poorco 6e6opfva ratd, wa psydlo pc0po.
2. To pow6lo rou orbporoq rou eppolou Kor ro TrslpoporlKd 6e6op6va beiXvouv on

vTraFTELTrMpnq uSpoSwaprrq l.{navorl xata t4v 6rapreta 6lou rcu rcrir}.ou.
3. HErc.(3.24) SeiXvet 6a to powflo zou 61et 6la ra elar4prc eXa payaiq oxso-n
pe ro Trapopatt-a 5e5op6vo.
4. Kar ro ir€rpolroflKd 6e6opwo Kc,r ro 1-rovt6lo rorv ela,rqpt<ov 6eixvouv on
rmapyet ptrcr4 Lizovorl ornv oppl rot rc t6loq rd0e 1r6vou.

) t

XpUser
Rectangle



t50

1 A

1 0

7t

$

eE
tso
f , + r
G

{0
-7t

'too

-r2t

-t50
tto 2m lro ato 540 GIO faa

CAD

E,xwa 3.21: Awcpq tprprlg yra to pcnteTo totr
ocbpctoq tou eppol.ou (pc 500 rpm X0)pr6 rcepakl) [l]

Errovo 3.22'. Awapq zprffig na to pov"retro tolv
eLcrrlpinw tou eppolou (po 500 rpm lrrp( re<polt1). [1]

'150

lt5
100
75
50

c2s
E O
f, -zr
A

{o
-lJ

-1@

-1?5

-fito

ta rto no rac 4lt0 5ao GF 78
cAl)

38

XpUser
Rectangle



PR
A t 0
Fri

(N)
90

30

ao

t0

t 0

0

$Sl""o.'

Etrovc 3.23. Iiaprploq qg Euvopr;g rpfrlq (yto 500 rpm yop( reqolq). [l]

H Errc.(3.23) Sivet pio or.ryrpron rrrlv p6oaw flp6v rolv lr€rpolipsvov 8eSopevolv p€ touq
ufioLoylopoug yro ro !row6l.o H peon a1pq tolv nlnpog hzawopwow elcrqpio:v
)qq0nxe npoo06towo6 

"nv 
peorl n+ln rou oi'rpctoq tou eppolou oTn p66n oprl tarv

rprcirv elnrr1piolv.
1. Ot zerpapomeq np6q ppiorcowar notr6 rcowo trs rrq npoovogspoeioeg op6q
rou pow6lou.
2. Av or p6oeq rqr6q rou lrovr6lou TroD lerroupyei p€ Fnlswn la6rou onco6 rat

ro TrrlpoporrKc rou onotelEopora ouyrptOouv pe to awimotla 6e6op6vc po lewoupfo
pe nlrlpn l.izovo4, gc,ivetot 6rr 11 lewougyia, pe 6LLeryq la6rorl ou(ovet trlv ouvo),xr1
qtpf raw25%o.

Errova 3.24: Xuyrptorl qg 6woprlg rn-c rptfrlg xcru TlslpoporlKou
pow6),ou oe o1eor1 F€ rrl pTllovl F€ 6uol q5 cvri<p).eqq (yra 850 rpm

1op( reqol..rt). [1]
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3.1.9. Mow6lo cuyrcproqq qq pqlav{6 xrvoripsvtlq ott6 e[oteprxrf nqyri xcr a1g
pq1avri€ pe 6lxr{ a1q cvriqle[q.

}JErc.(3.24) ouyrcpiver raT:rcrpapanrca 6e6opsvo zou zpo6xuryav a,zo rr1v pnxovn
p.s 6ucrl qg avaglrh pe to povt6lo zou l:rtouyyd mg 850 rpm X@pre goprwq. H
ropzni\ qg Trison€ tou rultvbpou riOetor uarepdvro trlg ropzn5\q qg owoltrtl€ GRA)
8rJvopqq rpfnq. To powflo zepr-lappover ouv0r6eq eLLetlr4q la8tou ror e(eta(et on
61er Lrzrcvar6 pe (dt6eq SAE 30 tcov 150 mPa s rcat Oepporpoolc ar]ar lcSrou 75 oC.

To caoreliopato rou pow6lou outori ta,tpto(ouv ps rnv rooq rolv
unorc),sopatcDv rcuv 7t€lpoporlKtilv 5e6opw0)v Kot uzo64kiwow ta ox6lou0a:
l. YnapXauspo6uvoprrrl l.{navo4 oro p6oo tou rco06va on6 touq t6ooep4 povoug.
2. H pucrrl l,{novorl cvozm)ooerol oro vercpo o1ptio rcar rupialq oto dvcrt vercpo. oqpeia
orav vnapyet avogLe(q tou rouoipou.

Etrova 3 . I 5: Itryrprorl rqg Dwoprlg rprpqg. I I I

ME ANAOAEEH
650 RPM

ME ANAOAEETI
750 RPM

ME ANAOAEEH
850 RPM

KINOYMENH
5OO RPIII

MONTEAO 55-39 74-20 77.40 66,67
trEIPAMATIKEI 57,20 74,67 10 1') 67.96
o/o AIA<DOPA -3,2Yo -0.6% -2,6 0 1.9 Yo

flivarcog 3.3: Meoeg trpeg rot or 6ra9op6g toug. [ 1 I

H Err.(3.25) oupcpiver rtq p6oeq rtp6q rng ouvol.rrcrlq 8woplq rnq rplprlq (PRA) nott
la,ppavovrar ua6 ro 7r€tpol.totlKa, oaotelioporo rng pnlovnq pe avarpLefrl, Tnq pqxovRg

z
: 6 0
=
€ s 0
E r c

? 3 0

i z o

lerennatr l-l*oo
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TroD r<rv€iror crz6 e(cotepucn qyn (pe regalrl pnxovr1g) Kot ro pow6lo. O lltvarcaq (3.3)
zropouord(er rq p6oeq trp6g ror ag eni tq eru,t6 6ro<popdq toug.
1. H peon trptl rng ouvol,rrcr1g rplpng GRA) ouldver pe ari(r1oq rqg tcpitqtoq
rnq pq1ov4g Kol ylo tcr 615o povtriln Kor rrg 7r€lpopotrKtg a,p,Eg oc'1v zspinroorl rqq
pnlovng pe avdgl"e$1 T"@ptS ouv04reg ri€o-ng.
2. H p6o-n tcrXrirrlta rnq prl1ovng Trou nveitar o,n6 sloltepKn nqTn sivar r'1
prrp6teprl ur';o rr:rt6ooeptg nerpa,potm6g. H p6oq trpq rng 6potq yur qv oovol"rrrl tptprl
(PRA) 6ev eivar 11 pxp6tepq. Aut6 ouppoivet yuti 11 pTl1ovn auo'1 61er l.nowrr6 pe
peyoltitepo (ril6eg uro tTlv pnlovn Fts ovdrpleSl Kot pr.xp6teprl Oepproxpaotc
lenoupyioq
3. Or npr6g rrov Trslpoporxrirv onotel.eopd,rolv Kot ot ttp6g tcov powdl.orv
oupgrrrvoriv rcrtd peyd,l.o po0p6.

h" . , .  :E : t ' f ' t nh l
l l l L t / t J i " t t r i i l K l J
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KEOA AIO 4

MEOOAOE ANAAYEI{X THE AIIIAIIIID TOY EOMATOI TOY EMBOAOY TON
EPIA'THPIQN THE GENERAL MOTORS.

H avdluoq roD golvopwou r4q l"inavoqg rou epp6lou Kot tou ruiivDpou eivct fvc
zohinloro npoplqpo L61<rt trov elaoarrirv ru,r Oepptrrirv ncrpapopgtitoecov tou o6patoc rou
epp6lou, trlg pucrrlg l.fuavoqg Kor rqg yeoperpioq n1q entgdvstoq roD eppoiou Kct rou

rolpi)troroq rou Kul.iv6poD. nol.L€q rupuq p60o6or 61ouv ovonruX0ei oro tPyoortlpra q; G.NI.

yts Xpo:vra yu vo p7[op6oouv vo ovo].riooDv rnv ]uwavoq rou eppolou. Autr ot ;re0o6ot

dfcrpipOUV AVAtrnTA PSnlv noluuril,nrcollllaTlu 1tlvTr;hlu 1t0u WTlot4lTtlw{Tat '
Aoq r.1 6peuvg nou 6yrve npoonogei avoluord, vo ouyrpiv€Lrr4fiapau6tpouq q-c tprpn,c

oe rcgepia oz16 out6g trq ps066oug pe 6e5op6va nou el,flqOqocrv u,n6 nsrpcirortKt-i burto,(etq ot

onoieg o1e8r6ocr1rcov Y1o rnv F€rpTlon rng rplBllg tou epp6l'ou entnMov ncpouotd(ovtot

or,o.r),.€,oporo yur vu 6el(oul nrbg ern6poilv 8wrpopeq ole8rcrmm€'q ngpd'petpo\ or\ )'inavorl woq

crirporog ep$o?.otl.
H ouveqyo,oio tou epB6lou lre ro toilalpo tou rcu]"ivbpou Oecopeitar oq rbpu

rr1yrl tprBrlg oTtg pr'11cv65 ror rpiotpo o:np€io Tro rnv efetcrorl T11g uftontmiaq xat rrlg owoxrlq

,r1g 
'*otoo*ani 

tro" Stio o'uvegya(6pevolv tl€p6v. Ad<popeq 7r€tpoportK6g pe0o6ot 61ouv

ovanrulgei T1o vo e(etdoouv tl1v tpfrl tou Eqproupyeitor rcrtd ulv tr^enoupyio tou eptp6l.ou oe

piu pr1avfl'rou ppiorcrol or rivno-n, olJ.d 6ev 67et yivet 5ovat6 oe curd ra netpupara va

aropovrogei r'1 tptBrl nou Srlprou yyxiro orirpo tou etrrp6lou arc6 p6vo tou (Xoptg ta elnnlpur). Ot

avaiutrx6g epeovqnrdq npoon60ereg 61ouv enxewpotOei neproo6rtpo ornv tptBrl rar r4v

),inavoq u,>v r)arrlpiav roo epp6)rm. Ot neprco6repeq 6,ptuve; yla nry q$r1 Kat rrlv )"inavor1

roo orrtporog tou epp6lou TroD 61oov 8qpoowutei 61ouv Bcrorotei oe epTrstplKeg pe0o6ouq. Katu

rotpor5q undplouv oprop^6veg dpeuveg yur rqv ),tnavor1 tou epp6loD orlg onoieg lfvowor pe

Surrpoprr€q e(ro6oeq aLLrr 6ev <poivetar vc pzopor5v vo Xpno4ronotrl0oriv ynnr6tepa otov

o1e6raop6 otopd,ttov epB6kov yur lopr1}"q rprprl ror DVqIrl ovro1rl noo eivcrt rc,t o npcrrcar6c

i6yoq nou yivowot cor6g or 6peuveq . H General Motors (G.M.) npottonopcirwog X,prloqlonoiqoe
rrq pe066ouq eupeorlq rnq tp$nq tou epp6loo o-rov oXe6raop6 epB6),.rov petrrrp6rqg tp$qq. Ot

avalr5oeq TroD Xprlotponooriwot yro ooro ro oron6 puoi(owut otov unoLoYlopo 8uvd'peov otrq

ent<pdveuq rou epB6lou Kor rou rculiv8pou uno06rovrog 6tr 6w undplet qr)'pt la6to6. Eni

npoogstu,-uprstoi p60o6ot crvdluorlg 61ouv ovonrulOei ylo tov unol.oytop6 tou qr-)"p la6rou.

Aur6g o, p60o6ot 61oov eKrel.sotei oe H/Y pe xo6rr6 noo ovopd(etat FLARE (Friction and

Lubrication Analysis of Reciprocating Engines) <Avdtruoq Tpfnq K(rl Afuravorlc r(')v

flo,l.rv$poprrrilv Mqlovriw). E66 8iverar prn nepqpa<pr1 ootrbv tolv pe066rov av6truor1g .

Kdnora crnoteL.foparo rtov pe066otv outrirv Kot rqg o66prolg sut6v nclpouou(ovrot Ttc vo

6eifouv rrlv sfirpporl pepxcilv oleSurortrrilv napaptrpov oqv tptprl rot l.[rccvol tou otilpctoc

too epp6l.oo .

4.1 M60o6or crvdlucqg.

Boorrcri yiv5;rat 6erz6 orl ro olirpu rou etrrp6lou eivut 6voE ol,roOcivrov tptBeo; pe

nal,rv6poprrr1 Klvndn Kor yeropsrpio o'uyr),ivouooq - anorl,fvoooog ogrlvag. Agori to eppo]'o

Lewougyet elaototi6po8uvoptrd Kor F€ ptrrrl ),incvoTl, rl ovriluorl tou ltvetor nro nol'unLorrl
g756 x11v avd),uoq w6g anl.o6 tprp6o. H nro neprerctrrcrl ovcrluoq nou 61et avcrnruX0ei cn6 rrlv

G.M. etvor 11 av&Iuoq (pllcrl1 elnorpoir8po8uvopmrl )"incrvorl> (DEHD). Autl 11 avdtruori

zeprlappdvst trg 0epptr6g ror elconr6q napapopgdloeq tou ocbpotoq, Lentop6pewg rnq
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yrol-r€rpiog roD rpp6lou , ro goprio Troo potpd(erot perobi roD gil,p la6rou (troyo nieorlq xct

o<pr1v<oor1g) Ktrl rqg otepedq enagrlg, tov l.oyo rng rlio'qg tou epftl"ou. rTlv 96pnoq rou Kot

norri)."sg tayurqteg .
H avdluorl DEHD avonaptotd pricr neprerctrr4 avdluo'r1 l"inavolc tcov oo;.rct(o\' rolv

epp6fuov. Eivar pia nohizl.orq cvdluoq xar nepdler pta pryd\ noo6trlta tcov 6e6opevcDv rol)

zepdpatog Kor rrlq Trpoeroqrooioq roo netpdpotog. Mepm6q qop% to 6e6opwa 6sv etvat

6ra06orpcr. Autr'1 11 p60o6og ovd,Iuoqg eivct enioqq rdtrorg orptprl Yur vo eivcrt rotaiirliq ytc

e(6tooq. fr' out6 undplouv 6),lsg rprq ol onoieg eivot ),ry6tepo ol.or)'qptoprlveg ono rqv DEHD

ovd,Iuol al.Ld eivor soroLorepeg ror l,ry6tepo 6ancvqp6g otqv Xpnon tou-c. flopardro o)'rq

out6g or avolfoeq 0a neptypagoriv .
Avritooq DEHD. H DEHD ovdluorl TroD Xpno4ronoreitor ylo ro orbpota rcov epBokov

eivor pin enrirroorl ptoq 6pourg ovdluorlg zrou crvontrix,Onrce yur roog tprBetq Kot ro poulepo.r'rr1:
pn1ovqq. Kuptcoq to peyolr5repo p6poq rqg en6rrcro'qg peurorrlKe yul va )"uOei to npopiqpa rq;

ptKrng l.incrvorlq. To npopl.npo rng l"izrcrvoqq tou otbpcr,oq toD epp6).ou etvat Staruropsvo roc

6va ywtreupfvo pn ypcrpprtrc6 o'upn\pcopoax6 npopiqpa. H tr6on rou Surloptiet rllv

gopr(6pevq enupdveu nou tpipstal os rpsrg (ey.oprot6g unoneproX6g : otepeo pe mepeo enaqrl.

u$po$ovoptrd lunorv6pnq nepropl xor nepropl p4 enogrlg (8rlptoopyta ro0..orqtcr-c). H n,eploxrl

no, unopytr uSpo6uvaprr'1 l,inavoq 11 e(iotoo'Tl rou Reynolds iltnolpoTtotsttat yrc rqv eniluorl

Kol rnv -prot1 rng Trirorlg qg l,{ncrvol€ . To nayogtoo gr-}"p },a6tori opro0etettor crz6 to crpXrx6

6rdrcwo, tqv rivqorl rou epr.p6l.oD, Kor rqv elnoarcq nopop6pqtrldq tou. H rcor-l'6r4tc Reynolds

NpqoqroTror€itar oe oprcr6g oovOrlreg . Xqv Trtprofrl nou undpler encgrl otepeori pe otepeo

onotiQetot 6tr 6ev Drlapgel" gr^l,p psuotori yur vo (e1<opioet tr4 6uo ercrgdveieq . H nieo4 eno<pr1q

nou ovonnloorror peta$r rov eTngoverd)v Sivetor e(o)"or)"r1pou azr6 trg elro<iloeq rou Reynolds .

Itqv p60o6o ovdluorlg DEHD q p60o6og tou Murty' s XplotpoTtouitor Ttcr vo raOopfoet ntrlg ot

rp€tq fi€pro16g uno8rorpor5wor rar 11 p60o6og Newton-Raphen Xpnolpofiolsitcn yta rqv erulluor1

rnq pn ypottpucrlg e(iorooqg rou Reynold's . H nieol tou <pr"},p Lc5ro6, 11 zrieoq ena<pqg rat q

6zutepeuoooa rivrlol rou epp6l.ou hrvowcrr tout6Xlrovc oe r60e Br'1pc eniluong rng pe066ou

Newton-Raphen.
Etor, gni n],,Eov or e(rorbosrg roo Reynold's Kot ot ela,ocr6g e(toriroeq np€rwt' va

rrccvonorofvror. H Errc.(4.1) Seiper tov o1e6roop6 w6g epp6).ou, trq 8uvdperg nou ent6po6v oto

6ppolo o'upzrepr.LcpBavopwrov trov 8uvdpeorv oupnieoqq, tq 6uvdpeq roD neipou tou epp6l.ou

(Euvdpeq owiipoolq on6 rov 6rcoocr'1po) Ko,r or 8uvdpeq obpoveiag tou eppolou. Arxfg ol

6uvd,perg pnoporiv vo crvolo0oriv oe o(ovtr6g 8ovdpeq Ko1 olcrt\,tK6g 8uvdpeq rotd prlrog r4g

ypoppng rbQnong Fx rot rnq poTung otpdryrlg My . H Trison noo ent6pd otqv ent96v€lo ro1)

epB6lou l.oy<o u1g eno<pr1g (oreped 11 pe grl,p 146rc6) nptnetvcr etvot :

JPcos(d)RdMz 
= F,

I '
lFcos(0)zRdHz=M,

6nou R q ortivo tou epp6).oD Kot rl P rl nieol enaqrlg'

(4 .1 )
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Awatreq

Aepiov
Ka6q;

Auripr5
Lrirprcrog
Epp6lou

Awi;uE mr
IIeipoo too
Epp6loo

Ecoaprxag
Awdpeq

treipog too
Ep&iloo

Errova 4.1: IXripanrrl ovoTropdorootl €vog riaotrou epft)"oo
ourorrr,tirou. (c.g. to Ksltpo p,ipt g tou eppo).ou). [2]

H ezil.uoq roD DEHD o:naweinl Sqptougyia woq pp61ou reTr€poopsvtrlv orot(siolv Tto
ro eppolo. Ano rov rplo6toororo Ppo1o 6e6op6vrtrv ro Ku.l,ouarl T1o 6loDq rouq Kophuq rnq
e7n9ov€tog
NASTRAN

Tou
H

eppolou ra0opi(etol rurnoqoiraw)vxae 6vav ene(egyoorrl FEM ozioq o
Oepptcn fiopop6pgoron rou epB6lou uzoLof(etat XpTloqroTrolcbwoq rnv

unoloylopfvl porl 0epp6rnro6 Kol rov ouw€leorq perogopaq 0epp6tnrog tou eppolou. Erci
rou Trop6vroq q esppucn nCI,pop6pgoon ufiorie€ror ort aivq,t oro0eprl oe o1soll p€ rov lpovo i'tc
ro od)po rou eppoloo Kor mc,0epr1 os o16on [r€ rov povo Kot rnv roroeeoio (rqv Oeoq) no
ro roiliopo. Aut66 ol uroe6o€1g yivovror Trc, rrlv euKoLto tou TrpoTpopporlopou Kor rn;
Trposrollrooiog Kor rnq ewofou trrw 5e5op6vov oro TrpoTpotl1lo. H elaortrrl napc.popgtl>o1
rou tlzr6Ksrror ro o6po roo epp6lou o€ o16oq Fre rnv fii€6n fiou ,rpo€p1€rol oro rnv
oupTri€orl loyol rnq Kooonq rou Kouoipou unoloyderot. Autd ta Se8opevc xcOco; Kq.l ol
ysoprrpm6q i'ezrop6peug xou epftlou, 01 goprirel€ Kol Tl ra:11J:tlrd. rou eppol.ou, q iincvoq
slod:fovrol oro DEHD trpoypappa,. Tuznrd, n oulltl€rpio oe oI6crn p€ rnv Tpoppn <ogrlo'nq
uro"t0srol on vnug1er Kor yro, ?nv KorooKsuoorlKll ovolDotl Kot Tto rrlv avc,tuoq rrlq
l,inovorlq.

Autd, zrou TtpoKumouv tlrg oztorel^eoporo oz6 to Trp6ypoppo DEHD r€pr€Xor / Kol ro
elaporo rw6 perofrr rulivSpou ror epp6lou, rrlv tr€7torn :r:.tor1, rqv rw4o1 rou eppoLou xor
rnv fops\nl w6gyera oe owoprTlon rnq yrrlvioq roD orpogoLoD. Erionq exow unoionmei ot
r11r6q Tnq fiGonq, 6aou pero(etor, Kot n elooarrl na,popopgcooq tou eppoiou. O rporoq pe
rov o?roio uzo6rc,tpeftd,lq sTngdvero roD eppolou oe rp€q l.epw1tc, otq ouvaptrldn rnq lotvtcg
rou orpogolou, 61et eTriong Uzrolonotei.

Av rcor n ovoluon DEHD efvar nepwxarrl, utroplouv Kolroteq uroOeosq ytc rnv
ozlonoirlorl 1116 zou bnpr.rice vo yivouv. Etot ayvoeirat oa6rlnors eTrnpso;er q orjotao4 r4q
sTngdv€loq rou epp6lou, 0eorpeirot 6rt 11 0epporgcoia, LaDtou eivat mo.0epr1 xo,t oTvoeirol n
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nt0crv6rqto 6lJ.etyqg l,a8rori. H reL.sutaia crucl 6Llsryrl eivat a66vato vc, onol"oyrotei ytcrtt
6ev eivo,t 6uvct6 vo yvcopi(oope n6oo labr eivar 6u06orpo oro 8rdrwo peta$r rou ro),iv8pou
Kol rou epp6Loo rord trp 8raprera l"enoupyiag rng FnX,ovIq.

Avdlooq CONTACT. H ovd,l"uoq enogrlg eivar pra urcL.or5oreuoq rqq cvdluoq_c
DEHD. Aorrl ayvoei ro gr-l"p la8tori ror utto06ter 6tt q g6ptoq (eno<pr1) yiverot p6vo pe
maqfi orepeori pe otepe6 (petoL}"trcf1 encgrl). fr' aur6v rov ),6yo q e(tooorl roD Reynold
6w petd(eror vo enr-Lu0ei (crrpo6 6w wap^3et u8poOuvoprrfl g6pnoq). H enrgd.vercr roD
epp6lou trilpa 8torpeiror oe 6rio neprol6q : encrrprlq Kol pn encgrlg. Av e(arpe0ei autrl q niprc
crcl.onoir1o1, q crvdluoq eno<pr1q crrcol.ou0ei ta prlparo erufluoqq qg avdluoqg DEHD . Agori
6ev urc&pXouv cnl.ozrouloerg yut xo gr-l"p l,c6rori, q unoLoylopswl npr'1 6paortrd,, To, crvoyrcfa
upyetn rar ttpfg nou ypew(ovrot ocrv Se8opfvc ytc vo eroo10o6v oto np6ypappa sivor tcr
i6to ps rnv uvdlooqg DEHD. H onotel"eopotrr6tqra crvdtruoqg enagrlg eivar nol{
6u(o6xr1 yro rnv enrqdveu tou epB6Lou.

Av rprgei ouor4pd 11 avdtrooq enogrlg, np4net va l"e10ei 6fl 6ev eivor p60o6og ovdloorlq
trlg lfucrvoqg arpor5 6ev ondplet qilp la8tori vo avalu0ei. Enioqg ra anwre)"Eopotd trlq 6ev
cwonorpivovtat orTlv TtpoyFotrr6olto, crl"la eivot oqpawrr6 va yiver owr),qrrc\Tl6ra<popd
oro onorel"€opota nou e(dyovran an6 qv ovdlooq enagrlg Kor oro anocL6oporc fion
e(dyowar on6 dLLeq avol6oeig l"inavoqg. Aur6g eivor rcrt o loyog noo neptfyetcn rat e6rit
ovdl"uoq l"furavor1g. 'Evaq 

dl,log rpono€ vo onlouotm0ei 11 avdluorl DEHD eivor ov
oyvorlOor5v or el"aotrr6g zopopopgcboerg tou orirpatoq. To np6Blrlpo r6rt yivetor
u6po6uvoprr6 rccrr pnopei vo lo0ei pqorponoubwag qv p60o6o avdluorlg q onoio tyet
cvcmru1Oei yrc poul"epdv o a\6pr0poq FEJOB. To np6p\pa noD propei va nponiryer
ovol"tiovtoq to uSpo8uvopur6 np6B),r1pa rcd,tro an6 <puorol.olrrdg ouvO1rceg lenoupyfoq rnq
pn1ov1q eivCI,r 6tt to gr)"p l,o6tori pnopei va yiver nohi l.€nr6 oe peprrfq nepwXig Fs
anot6Leopo or e(rodroerq roD Reynolds vo pnv pnoporiv vcr uno?,oyioouv rq oTronor5p.eveg
trp6g. fr'out6 rov l.6yo 6ywe pro, rponozoirlon orov aly6pr0po FEJOB. H tpononoqpsvn
avdluol enwpttwt ena<p4 peta$r tou epp6loo Kor tou rul.iv6pou. 'Otov onapyet ercgq 11
cvdluoq XprlorpoTroui u1v e(ioolol rou Reynolds yto vo unol.oyioer qv o8poEuvopucl
<p6ptror'1 Kol rn 8rivoprl Kol or otrypuieq ouvOrlreg tooppozioq yta vo unol.oyioer qv g6pttol
nou und,pler L6yro enagrlg. 'Orcv undpyer ena<pfi, ro Srdrsvo d0etor plSsv oto np6ypcppc.
'Otav 

to 6prBol.o 61er 66o Bo0prorig elsuOepioq (rLeopuq rivno'n ror r),ioq), q ezagrl etvar
nt0avrl p6vo otoug ndvo 6rio r6ppoog on6te ro np6Bl"qpo yiveror nro notrfnlorco.

H crvdluorl FEJOB Srarpei qv neprol4 orrlv onoicr wapyet <p6ptroq oe 66o nepwTl -
fi?'r1psq gr.l"p l,o8rori rar xor.L.6t4teq ( pe e(aipeo4 toug r6pBouq 6nou unoplet encgrl or
onoior anorLsiovrar on6 cut6 ro or6Lo6). H oupztrqporpanrrl 8tarfnorol (onro_c ornv
avdl"uoq DEHD) XpTlo4lozrolstratyw vo ro0opiosr rqv rotdl"),q}"4 uzoSrctpeorl r4c enrgcveuc
too orirporoq roo epp6l.ou. Mra p60o6og nezrepao'pdvcov otorleirov Xpnotponouttct yro rrlv
enfluo4 rriq efiiorrlorlg rou Reynolds. !e owiOeoq pr rnv crvdluoq DEHD ro na7.oc rou gr-],p
l"o6rori Ku,r 01 6por 1116 nieong oqv e(iorooTl roo Reynolds 61ouv trbpc 8ercniaouotel fr'
crut6 11 eniluorl tou o\6pt0pou ytvetc,r tritpc anrol.6tepq rcar o Xp6vo: unoi"oyropou etvar
oletxd prrp6tspog. Or i6ug e(torboer6 roopponing egcrpp6(owor 6no-( Kor orrlv cvdtruorl
DEHD.

Azl,ororqp^fvq cvrilooq ),ircrvo4g. E6rir Xpnorpofiorsirar 6va onionotqpwo pow6l.o
l"inavorlq. I' out6 to povt6lo ),opBcrverar pro Trpoo€Tyrocrrl hioq tr1,c e(iocooqq rou
Reynolds yro ro nr.e(6pwo gr),p la8rori p6vo.

E6dr I on60eor1 eivor 6fl ro ogqvoet66g qrlp 61er p6vo o16oq 6arrepeuouoag orlpoolag
pe to nre(6pwo qrlp mqv l,tnovoq tou ocilparog rou epB6lou. H ezi.i,uoq pcroi(etot oclv
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eniluoq Trou sgopp6(etot po poulepcv zrou lerroupyouv oe ouvOrlceq pe qilp la8rof uno
Trirol. Movo n zl€upucn Kwnorl rou eppol.ou uzololi(etor . fra vo \gOei q zpooeynoarq
ezuiluoq ro o(ouro zpogil" rou orbpa,toq roD eppolou cyvoeirau To nl4Ooq tcov 6e6opwcrlv
noo yseta(€ro1vo erco1€ouv yro, owrl cqv avol.uorl eivar oo41.towo. H avol.uorl eivar nol"[
zuro\ ofilv lrqoqozoirlon qg rot zolf Tpnyopn oe erct6Leoq. fr' auco, loycl rot)
npooeyytoarof la,porcrfipc aucrt 11 azlonoqp6rnl ovd,l.uoq oe ouvep'ycoio pu.(i pe 7no
rerpqprorp6veq crvoluoer.q, nadet orlpovru<6 rcor lrr"1orpo p6l.o otov oXeSrc.opo epp6lov
o,urorwtlrorv.

Xpqorpozouitcrr yto ru netpapora sppolo Stapetpou 89 mm. To neipapo 6ulnfn
un6 r6ooepq ouv0r1re6: 6uo ap6g Tu, ro 8rarwo pera(u eppolou (ocbpotoq) xa,t rul'tvDpou
(10 pm rcor 45 pm) rcot 6uo rc,ltrrqteq Lemoupdag 1.000 r/min ror 1.700 rlmin. Ka0cbq "lwotav
ro netpopa r1 napapactrrl Suito(r1 0eppaw6rav pe onor6leopo rl 0epporpooicr vo ou(o.vetor
az6 30'C p61pr r4v p6yrorrl rtprl rcov 90oC.

Arrtuetooc Eu8r6loo 89.0 mm
Ara6popr{ eppr6lou 89.0 mm
Briooc EuE6loo 381.5 sr
Erxewp6rntcr fieipoo 0.6 mm
Tocrrrimta EuB6lot 2,5 pm RMS
I€66e9 Aurawrrof
(SAE 30)

70 cP oror4 30"C
81 cP orouc 100'C

flivurog 4.1: flcpopetpot intougyicg. [2]

Erlyxplcrl anmel*opdt<ov . To ozotelioporc lappovowar ozo tov uzoloytorr'1

XpqoqroTrolrbwaq 6leq 14 pe0o6ouq aval.uorlq yra r60e pro an6 ttq r6ooep4 ouv0r6eq. fto
rnv ovd,luorl DEHD ro powelo r@v nrurcpaopevow orotleirov nou 8qpnugyttOnxe Yio ro
eppolo goivetor oclv Errc. $.2). t\oyor oupperptaq povo to an dnapro rou poweiou
oXe6ra,or4re. H ezrgovero rou ocrlpa,toq rou epp6lou oe ouco ro powelo eXer 154 xopfuuq.
To i6ro powflo eppoLou illnoqroTrouircr rcor yro qv avaluoq aropzrrou ocitptatoq (fugtd).

Errova 4.2'. To n),Lypa ?reTrepoop€vrov orotletaw rou XplloliloTlouitur yta
roug uzro?wyropoug. [2]
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Ozo4 nporcurcret ctno nE Err.(4.3) rot Euc.(4.4) q otrpcproq pero{u rnq rslpoporllciq Kol rTlq
avc,l.uoqq DEHD aomiler ano napo. nolu peyriftq oporoqm yw yaAnpo Storevo (45 pm
6rc,xwo) orq 1.000 r/min oe lopxa xolrl oporocqro yro ogrrr6 8torevo (10 pm 6wxwo) mr4
1.700 r/min. Iro czoreleoporc ?rou TtopoDoro,(owa,r e6ol, 61er 0errlpqOet ott ot rcpzrrJLeq
neptoybq cou eprftlou (6zou vnapyet xor.lor4tc) ouppal^louv ornv rpfq eov orneq eivat
yepcfiEq pe la6r. Qq ozor6Leopo, rl ovolunrrl rpfr1 wo,p6verat vo sivol peyolutepl ano ra
psrpofpsvo 5e6op6vo . Evolfui( pnopet va Oecopq0et ort or ropzcrileg nepwXbc, 5w ouweLouv
oary rptprl ro06lou. Ie ourn ny nepbnaoq 11 ovol.uarrl tprpTl eivot prrp6teprl arco aurrl tov
5e5op6vov.

tl

Oeppor<pocic (C)

Errovo 4.3. Iuyrproq r0]\' netpopanrrbv 6e 6opevr,:r p€ ro
arccrre),sopcrc rqq cvdlooqg DEHD pc top;qta 1000 rimrn K-ot ytct
6n-ro buirceva. [2]

ID

&

i r n
,

-' - l | 0

:{
x
F

mso

47

'YMBOAA

o Av6lmrl DEHD Xalnp6 Artfirxero

A lgrrrti Arrixwo (100 pn oxtwu6 Auimevo)

V Avrfrlocrl DEED Ljw6 Auire"o
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O Xatcpri Arrimo (45pn cr:rvu6 Arritcvo)

: Avririucq DEED Xai"ap6 Arrixero

A !qrn6 Auixwo (10 lun crnvrx6 Arrixno)

V Avrirl"trl DEED lquai Arrimo

Errovs 4.4: Iuyrproq ro1' rstpopotrrriw 6e6op6vov p€ ro oztor€i€oporo
rqE ovoluong DEHD yrc ro1.irrqro 1700 r/min Kor yto 6uo 6rcrev'4. [2]

H peycl.ut€pn OsppoKpoofo onlv oTtoio lr1<p0qrcov ra 5e6op6vc oprogsrsirot 0z16 fllv
$epporpaoia rou lc6rori. H tp$r1 61er pra <pOivouo'o Ko?€oeuvon os oX6oI ps rnv Oepporpaoic
ro oitoio oqttoivel oa to eppolo Lewoupyei orlv 7t€plofrl r\e uSpoSwapm(q l,izovonq. Itnv
TpoTlrormo?nro, p1o e(6toor1 rlq 6uvoptnq Tnq rplpnq os ouvoptrlon pe rnv YCIvio orpogolou
(5w 6eilverar) ertpepcrcbver 6fl auro eivar <ltll016. H cvdl.uo4 DEHD 6eiXva on uzcplet
u6po6wu,prrr1 f,inovoq oe 6l.o ro o'npeio lettougyioq eKroq o;lro a/o (Erx. 4.3), l0 prn

$rarevo 1.000 r/min, 90o C 0epporcpa,oia). X'outo ro oqpsto rrrapXet psplKTl srogn. Atld
eivor q povn Fsoucn ooufrgovfo psro€u rov perprlpwolv SeSopsvov Kor rnq CI.vc.iuoTl; DEHD.

fra r4v ofilofioqp€vn Ko1 Tnv cvoluoq aropzrrou oolpcroq q ou^fKprol gcivero.r povo
yw- rq 1.000 r/mig ozrlv fiepilr:coorl oglKrof 8raxevou @x 4 5) Ilpenel va J.wel pvac on oe
o1n6q aC ovohioeq 6w nepr^Iappcrvowor 0eppKtl rc.r elcottKrl nopapopgoon H axovo.
r1epfg1t enion6 Ko,1 ro unorel6opctc rnq ovoluorlq DEHD yra ouol€rlorl H rprprl
onlonoulp6ral ovoluol etvot peyo\ yw rLq Xopnlorspeq KDpiroq 0eppoxpcoug Awo
ouppoivet pari our4 I ovoluon 6w e(eto(a ro 7rpogi.l" roD oolporoq tou eppo).ou, opa oute trq
xopzruLorr1req rou. H avol.uo4 oropzrou ocbporoq (rigid) rcovet rolo unolonopo rnq rplpqq
'Otov ourrl ytvetol ptKporspq sivol orptpalq nopdl^Ir1l4 pe rq ptrpnlrsve; npeq. O loyoq
eivar ort oe cvriesdn p€ rnv ovol.uoq DEHD 6w e(ezo(a tqv o16o4 rng Oeppxlq Drcotolrlq
peroh) rou oloupwanou eppoloD Kot rou odnpou rul,iv6pou.

Xuvozrrud. 11 avd,l.uoq orupzrzou orbporog (rigid) ror q ovoluoq DEHD napeXouv pa(i
rol,o anoreliopcto orov tmoloywp6 rnq rpfqq
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Errovc 4.5: Xuyrprorl ro\'rcpoporuccirv 6e6opsvcov pe ro oTEorsisoporo
rprcitv pe0o6rov avtiluorlg, yro ro1-u/rnro 10C)0 rimrn Ko1 ylo 1Opm 8urcevo.

t2l

4.2. Anote)'6opata.

Xe aurov rov rolr€o ra orrcrexboporo ropoDod,(ow w6rc,g6pov yto. ro noq s7n6pd, ro
Srs,rsvo epp6lou - rul,ivSpou, 11 06o4 rou nstpou rcar q pa(c, rou eppotroD of,nv Lertoupyrc tou
eppoLou. Xprlopozoq0qrov Ttpoyporx6q oDv0qKsq Kot rlp6q l€ttoupTic,q rn; 1rnxa\4lq Yla
rn n1a6r1 ouptrisong, Oeppxn Tropop6pgtrloll roD ocbparoq os o1eon Lts rq 0ep;roxpcoic
Ko,Doe61g Kor rrlv elnonrcq nopap6pgroorl oe a{6on pe rnv zrieon oupTri€dnq Or oulOqxeq
l^ewougytaq Kor ol ole8uonxoinupap.*por rou eppolou goivovtor otov llivcxc (4 2).

Arriru:rooc Kuf iv6ooo 89,0 mm
Arc6popr{ EpF6}ott 80,0 mm
Tayriorta Mnravr{c 3300 rimin
M6(c Eu861ou 381
Exxewo6flta lleiooo 016 mm

Axtrvrx6 Ardxevo 20,0
Arcctolr{ Arcrp6tooo Kol[v6poo
Tocrriarta E<irtrcrtoc 2'0 RMS
Oeouoxoccia Aracwrxou 140 0c

IEdl6ec Autawrxori 4.4 cP (SAE 5\{'-30)

flivorag 4.2: flapayoweg ?enougyiog. [2]

nEI
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Enlv Err.(4 6(a)) gafveror n nLsupilq 60noTl zou 61et to 6ppoLo oe oleoq pt rnv 1<ovia
rou otpogolou, orrl Etr.(a.6(p)) goiverar rl 0160rl unq orryptcioq rltoqg tou eppolou oe o16o1
pe 

"nv 
yorvia, orpo<poLou, svd) orrlv Em.(4 (y)) qv roybrrpa tou eppolou olq ouvaprno1 qq

yorvioq tou otpogd,l.ou. Auzeq rmol.o{ocr1Ko,v il)rlotpoaorcirwoq ouvgrlxeq otanrflq
toopponiaq Ttc to eppolo rat rcv4pactrr1 ovohoq T1g rov TrapcpaaKo prlXcvtopo.

CRAI.IK ANq.E, DEGS"

Eucoro 4.6 (a): fllruprrcq rbgno'n tou epfri"ou [2]

27O JGO .60 saO GIto

50



EB+

E
.9.
F c i

CRA'{< AI\IG-E DEGS.

Erro"-a a.6$): Ponrt neprotpo<pr1g tou eppoT.tru [2]

o 00 ao go 3€o {so 5.o
Cror* Anqe, DeS.

Etrovo 4.6(y): TaXuqtc epfu).ou. [2]
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CRAIK At'lcl€, D6,

Errcovo a.7(0): K)'ion tou ep[tolou. [21

orEg<. (4.7(o)),Erx (47(D) rarErr.(4.8) 8eipow ro onorelLoporo oq duvopfnon fn;

y61vioe orpoeolou Kor yro rq 6Do nepwrotoerq. H avoluoq tixapzcrou ocopctoq Seilver vo exsl
nokb n)rntw tolcwotoq Ko1 ylo rtq 6uo rrvqoe4 orrlv l"tmo.woperrn i"errouq,vio l-ta rrlr' <xprjc

ercrcivqor1> 11 ava,luorl snognq 6eiyvet oa unopler col"u peya)"utepr1 tc),awoon xot 1ta rq 6uo
rwrloeq tou epp6lou.

CRA}( A'{qT. DSS,

Eucova 4.8(a): Exxn'rporqtc tou epBo)'ou. [2]

I
*
:g

5
5
E
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CR.AII( ANGIS DEGS.

Err6r'o 4.8(p): Kiiorltoo epfrlou. [21

Ano ru o7lorsliolroro ouro pitopoDpr vcr oulrTr€poivsrol 6fl q cvoluorl oropzcrou
orbporog 6w eivor ror<iAlq\ yro, ro, eppola. H ovoluorl ezogrlg eivor apreta orcprp4q otcv
to eppoL.o lertougyei pe ogr1r4 e<pappoyrl p6oc otov rr5l,rv6po, crLLo na. ou€ryeq XaLaprlq
ouvcppoplq ouuord,rot q ovdl.uon DEHD.

4.2.2. Ardxevo.

To orrwtr6 8td,rcsvo zotrciler ano 0 pm 6orq 40 pm fiou eivat evc z)'aa-' tupo; rl+l<tlv
ywnra Dnirwa novtmopyouv orlq pr11av6q noryyovy\q eivat oro 10 pm ecog 25 pm.
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Errova

o,@

FdonCbssrt (rr)

4.9(a): Anrb).ew tqg-rc,g ror *i.,non crvor cprc1r1g epft)'o. [21

ftfon Cbotrc (tr)

Etro"-o 4.9(B): noxog <pr),.pt La6rou rur zci^eoq tcrLr rpf"p [21

Or Etr.(4.9(o)) rcor Err.(4.9(p)) 6etlvow ra anorel,eofro?o ozo rqv cvo.)'uor1 DEHD yto.

cqv tpfr1, qv rcirn1or1 ovol zeproplg roo eppolou, ro ela;toto na1oq l"rzarmxor.r Kat lisYlorn
r4rn rnq zcieonq tou gr.l,p. 'Ozoq wopfverar q tprffi peubvtrot Ko1 rl lcivnon a,vco aeproplq
eppolou ou(dverar pe af€no'n rou 6rorsvou petas.r eppolou rar rutrivSpou. To el'apoto
r1a6oq grl,p la8tof ror n psyto, n zcieorl eivot p6lnortq yra orrtlmo 6rarcsvo 12 pm t:'rupwou
'Ozo4 tyet ?u.;y}ei oe noLLeq pqlavoloyrr6q 6peuveq, n flprl roD arrwtrou Src.revou oe

w ,/

\
bp .ard t,llin
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Ko.rooroon pn lenougfiaq iyet oX6orl Kol pe ror4 fiopoKarruo napo"fovreq: 0opuhq (eXer oX6or'1
pe rqv rcivnon cvor zeproplq epp6lou), ouovopic. rouoipou (61et oXeorl pe rrlv rptprl) xa,r
gOopd (61er o16oq pe ro naToq rou gr.l"p laSrori). Ezcionq yta ro orrrvxo 8rorevo nou cruvrlOotq

Xpnotpoirolsftat oct6 pr11ov6q pe wopl zep{zou 15 pm n rpfl propei va c,}-ln(et 35 - 40%.

4.2.3. Erxewprirrrltc too reipoo too epp6?',ou.

H 0eor1 rou neipou rou epp6l.ou w6rc96pet xard cqv o1e6icot1 roD epfuLoo Trc rrlv
ozoguyrl zrapalcryrlq 0op6fuu Kot ylo t4v gopo zeprotpogrlq rnq pnlovr1q O orozoq eivct vo

Fpe0et pro 06o11 yta ro 6ppolo fiou vo anorptnetrnv yplyopr1 perorcivqon rou eppolou aao cqv
l"ry6tepo orrlv fiepwoorepo z).cupo, cbgnolq cp6oog prlca ano rrlv avu,rpLe(4 peto to ANI.
Orov ouppciva ouro napay*rat Oopupoq rot ou(dverol n rptpn. Aw pzropouv vo uza.pXow
6e6op6vo yro vo empepcuboouv ourq rrlv or<6yr1 6pcoq zporriTrrtt lrto erK6va ytc ro a ouptpoiver
ogori 11 crvol.uorl DEHD ozoLoyi(et rqv rprprl Ko,r rnv (Klvndrl ovor zeprolqq eppoLou> irlq
ouvopolorl rqq 06oecoq tou zeipou roo epp6loo. H Etr.(4.10) 6eipet 6n q <rctv4o4 ovcrr fiapome
eppolou > au(overot ouvelatq evd) n tprprl w6 orqv u,p;gr1 paorvezor or4v ouv6Xetc, au{cverar"

t
HsbtFh0ftsd fm{

Errova 4. l0: EriSpaon rqg ercrcanporrltug tou zreipou tou epfrior-r oqr
tprprl rcor orrp,rirrlon qc cvo Ttapwgrcepfr?'ou. [2]

4.2.4. E;ni6pa64 qq p&(uq too epp6loo.

H na,l.w6p6pnon qq pa(oq tou epp6Lou 06tet gpolp6 orov oXe6u,opo t<ov
ouvrorotocitv rou eppolou Kor 1116 pq1ov4q fldwa4 etvat zol.6 6uorcolo va ra.Ooprctei
zeipopartrcd, nolq eerqped,(et rrlv tpfr1. Ario oerp6q ovaluorlq egoppoot4rav yu, 6uo
Sugopeorc6q 06oerq rou neipou: 0,6 mrn, zou elvu,r ouvqOrc'pwo, Kot 2,0 mm aou eivor rolii
peldLo To anoreleoporo ttou gotvovrcr etvar nc 6vo eppolo 381 lpc.ppoptarv rot flp€g T1o
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pa(eq au(av6peveq Kor percf pweq raro 1 00 ypo1.t. Oztoq go,tvetar orrlv Eu. (4, I I ), q tptprl 6ev
au{riverot otoOrlra yto rnv aprl 0,6 mm rou neipou, wcb yra, rnv rtprl rne etoqq rou 7r€rpou
2,0 mm vnapTa Spomtrrl o6€non 'rqq rp$nq pe rq po(c. Meptr6q 7rtlpolrortK€q epeuve;
61ouv 6ei(er oTltlowlr<rl peioloq rqq rpfnq pe peiooq rnq pd(oq tou eppolou, n percpn'n
pri(c npo(weirat az6 qv petorq rou pe160ouq rou epp6Lou Kot n psi(Dorl ot4v tpfrl
ogeileror Kor o€ rponozoqosq Trou sylov Kor ot 1opolcrlplorlKo rou epp6Aou. Boor"(opwor
ano ra anotel6oparc rou o;4patoq qq Etr.(4.11) oupzepoivetor 6a yu evd. xul'o
oXesraop6vo 6ppoLo, aou l.erroupyei rcupior€ ornv aepropl qg uSpoSuvotllKng l"urovoecoq, q
pala 6yetzol.r5 pxpl empporl oclv tptprl tou ocbpotoq rou eppolou.

Phr Ofll* - 2.Orn /

G j

o'
ftr Ofl

I
d -o'hm -.-'4

s(n
PbtnlkEs (gt|

Errova 4. I l' Eri6pcoq rng pd(ag tou eppoi.otr orlll ovo?rruooopc\11
tprBrl yrc Euo brcrpopemrcd 6uirevc. [2]

4.3. Eupnep6.apatu.

Auq n 6pzuva 66otoe pu onoyrl Kor lno ouTKplon yrc rpslq avo]"uoer6 ]'rzo.volq ro.t
pio ovaluoq ezo<pr1q yro ro orbpo rou eppolou. Tc anwre)'boparo eXouv oLry<ptgei pe

TrsrpoporrKa anorc)risporo Trou zap0rlrav wto rr1v 6uto[r1 zou 6'ywav ranlLpap.oxa. H DEHD

rca,r rigid avol.uoe4 orav trnoplow pn ope\r6eq 0eppu6q ror elcom6q 6rootol6g 6ev
ev6eficvuraL

H rivnon tou ocbpotoq roo eppolou orrpcpigqre yra rllv avoluorl nsprcyfiq epp6lou,
r4v ovd,Iuorl DEHD Kol tnv ovdluorl ezagrlq.

Ta onorel.6opord, tqg uvol.uoqq DEHD lprlorponoqQrlxov (l)q pffooroopwqq, q

a,voluorl zeprcplq eppolou 6w zpezer vo Xptlolpozouitot ylo ttlv rcivnorl tou eptpolou. Ezrioqq

epzuv4Or1xe o tponoq p€ rov ozoio ezrqped,(ouv rqv tptprl or xpeuq KorooKsDoortxoi
zopdperpou Meptrd, oaotelfopa,to ppiorowov rowd, oflq 0ealpqrx6q oTro\y€tq. fewro, 11

pd,(o rou epp6lou erqpea(er d,LLore nol.u rcor oLlote l{yo, avoloyo pe tov ole8uopo rou. H

06o11 rou zeipou 6w ou{over Kor' avaylol rlv rpfl rot 6va lolapo 8torwo 6ev eivor
anapawqra ralo yra rqv f,izovoq tou eppolou.

3'
m onm0
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T6Loq zroteferor 6tr o ratdllnl,og o1e6uop6q rrrrv oropdrtov tov epp6kov 6uuxo),uvet
rTlv sgoppoyn qg prKrng rc,t el.o,oto06po6ovaprr4q )"inovo'r1q. Eivcrt 0eptt6 tdtoug ovcl,uostc
oav crunl vc o6rly4ooDv orov o1e6rcop6 eppo),rrrv pe pey6),r1 a(tonrotic rot avto1t1. FtKpo
06pofu rcrL 6oo to 6uvot6v, lcrpql6teprltpfq.
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KEOA AIO 5

MEOOAOE ANAAYEHI TI{E AIIIANIEHE TAN EAATHPIQN TOY EMBOAOY
TON EPIAXTHPIQN THT GENERAL MOTORS.

H tpfr1 rcov el"ocqpiotv spp6l"ou unol.oyi(erar oav 6vcr p6pog tqg ouvol,ucq-c tprpn=
nou ovoznloorror oe pur pnlovn eocoteprrflg raooqq. O tp6noq ).ertoopyiog rcrlv el"orqpicov
epp6lou erqped(er rc)Jflc,napap6rpoDg qq Lertoupyiaq rnq pn1ovrlg, 6ncog rqv rarovd,Icoon
l.wuvtrroti, Trlv sKpTllclK6rqto, Kol Trlv <p0opd. A6yo rou aepin),orou tp6zroD lre tov onoio
cLl"qLert8pofv percr(ri rooq ro e),arr1pro epB6l"ou KCrt ro toilopo tou ru)"iv6poo, q pttr€rn
Kot I Korov6non rnq ovcrnruoo6F^svng rp$nq ro0uot6pqoe povrrd, oe oX6or1 p€ Tnv petreq

rnq rpfng fioD Tropooora(srcrt oe pio tll1ovn ano rtg un6l"oureq nopopetpoug. Aor4 q 6peuva
nepqpu<pet pia zrp6ogarq p60o6o ovdl.uoqg rqg ),inovoqq rtrlv eLar4pirov epp6l.ou, oupgrovei
oe nol^l,o olpeio pe naLcr6tepeg pe066ouq rot nepr.LapBdvet 66o povt6l"a pelenlq. To
otrl.orSorepo povr6l"o nepr.l.apBdvet p6vo ).etrougyta oe o-uv0rlrceq nl.r1p19 ),inovoqq. To rno
nol.rhcl,oro povr6l,o e(ero(er ro. anore)'Eoporo o-uv0qrrilv 6L).sryqq Lo8tori rcot peragopog
).mcrvnrof ora torlrbporo roD rul"iv6pou. Eriong nopouord(ovrot egoppoy6g outrirv totv
pe066rrtv avdl.uorlg yrc rnv erdpqorl rou tp6nou p€ rov onolo eznlped(ouv ot ole6raonroi
rcopdpetpol rnv cvo,Trruoo6psvq rpftl.

To elcrrlpu epp6)"ou rcrd tr1v Leitouplic roDq ?rpoTpatonororiv 611o Baotxeg
L"erroupyieg, ff1V l"inovo4 rou r,o),iv6pou lco1 rqv e(dn)"roon roo l.wavnrou oe cut6v.
Mruoporiv vo 0eropqOofv ocv 8uvoprro <popnop6vor tptBe( nou ncpfloov l,incvoq Ttc vo
perciloow rqv rprprl Kol rnv qOopd otov nil.w6po. Erioqq Sqproupyoriv 6vo rcworipsvo
qpdypo pero(r5 rou epp6l"ou Ko,r rou torlrirpcrroq roD rcul"iv6pou el,oltotozotrirvrog 6tot rqv
8upporl rcouooeptov rpoq rqv ).erdvr1 ).urovnrof Kol rtlv uneppo)"rf1 o6€noq l"wavrtrof

orov Od)"opo ra6oqg.

5.1. M60o6ou

Errp peLer4 ounl ro el"orrlpro epp6l,ou Oecopeitut tog waq nol,w6poprrd nvoripwo-c.
8uvoptrd gopnopfvog, o).roOoivcov rprB6ug o onotog erteL€i pro ouv8uoopsvn o)'ro0ctvouoo
K01 zneop6vrl rivrlol. ftcl v0, neprlpogei ro ondotpo roD qr.trp rou iuavnrou

Xprlorpofiorouvrot or oprorc6q oov0r1rceg olrlportopori rcor-l.on1roq roD Reynolds. H d''ioq tou

eLaqpiou 6ev unol,oli{stor.

Oilp lc6tof

Err6va 5.1: Avonapdorqoq rllq l:ttoupytaq tou

ToiSopc
Kuf iv6pou

ouv6l,ou ttrlv eLnrqpiov. [3]
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'Oncoq gcivetor Kor orqv Err.(5.1), 6vc nrrnrc6 o-rivo).o e).arqpiov oe eppoi"r: Fn/-o\rl;
ol4pcrrog anorel,r;war orc6 6vcr el"o,rrlpro oup7[bong too ozroiou ro olpeio ffraoTl: rou ttt rr-)
tofgopa tou ru)"iv6pou (npogi)" rou e)..arqpiou) 61er ltr)"w6ptKn popgrl. cno ei'cr ocurel-r-r
el,cqpro oDpTri€ong zoo 61er arlpqp6 zpotpi), rcr on6 6va tpito e),an1pro iaotou ro o;roio
pnopei vu oeopqoei oov ouvcrppol,oporl 6fo (slroptotrov eLarqpfurlv pe ozotoFo at/#IFlc
npogi'.'Etor raro rqv l.ertoupy[a touq pzroporiv vo Oeropq0ofv oov tr1v ivettoupTto $to;
nopaBol.rlg pe rcdnorc 8torcevo. C)g 8tcrevo ro0op(eror q on6otoorl pera(ti tqc ropuorl; tou
nporpi), Kor roD rc€vtpou rou el"arqpiou. Av n Kopogq tou el,urqpiou eivor zuforo ono r4r'
ypotrtrq rou r6vtpoD roD el.cqpiou r6rt ro 6urrevo ),opBovetol roq opvqaK6. 

'Evc 
mtnKo

8eutepo el"orr1prc oupruieorlq, 6nrog ovag6p0rlre 6Xer ar1"r4p6 npoqi), pe peyol"ritepq Sraperpo
Trpoq ro rdrrrl p6pog rou e)"crqpiou. 

'Erot xotd cqv lsttoupTlo tou Oeopeitot oq Fio
nopaBol,q ps opvqrtK6 6rorevo. To npcrtto eL.urqpro oupTri€or1g Kot to eLanlpto tou ].a6rou
rcard u1v Lettoopyio toug Oeropouvtor ncrpoBoLeq Xci,pr; 6rarwo.

'Ozrog npoovcr<p6p0r6e cwonrfX0qrov 611o povt6La Fel6rng, oro onl"oootepo
e\eru(erat r60e eLcnlpro (elroprorcr oe ouv0rlreg z),r1pou6 )"inovoqg Kot oro zno nol"unioxo
povr6l"o twpr9yovrut o"r-rv0r6eg 6D.euyq_c ),uravrtxori Ko1 lrerogopd ]"urovarof oto toilcrtpc
rou ru)"ivbpou. E6ril0a 6o0ei pia emypapponni zeprypogq outcov.

5.1.1. flpcino powflo.

Ie oun'1 a1v ovd)"uoq 0eropei.tcr 6n undpler drp0ovo l"rnovttx6 yta rtlv ),inovoq tou
elaalpiou. fr o,ur6 Tl 7ci€on nou o,vcnrOootrot (ercwd on6 to d,rpo tot-l elcrrlpiou nou
nponoperieror rcro, rqv rcivqoq. fta rou napozdvro ),6youq to orivol,o t<ov ozotel,sopatov pcr
rnv ni€o'rl noo oorceiror oro <p0,p rou l"uravnrof nptzrn vo eivor oe roopponlo F€ Tnv
e<poppo(6psvn zrison oe roOe onypn tqq l.etroupliog tcov eLarrlpicrlv. An6 tq oprorcdg
ouv0r1<eg Kol Trlv xatdoraol roopponioq, propei vo nopolOei wo, orioc4pa Srio pq
ypapprrcrrtv e{toritoecov. To ndloq rou tpr.},p }.movaroti yu 6e6opwq rieoq ptropei vo
unoLoyrcrei azuerl0efoc) crrco rqv )"rior1 tou ouocrlporoq rrrrv e(toriroerrrv. Mta tpononotqp6vrl
pe0o6og rou Newton rulnorpoTroq0qrce yur rtlv ezril"uoq tou ouorqporoq rov s(rodtoerrlv. Mict
paOrlpcrnrcq 6to6rraola avcrnrril04K€ ylo rov ro0optop6 tcov crnote].eopdtotv trou arpopotiv
rq perapoL^6g too Tca4oirg tou <pr-l"p tou ),movrttco6, Tnq 8wopqq rnq rp$ng, qg cnrillsto,g
w6pysrog Kor rrlg por1g rou l"wovnrori rord pr6oq roo e),or1piou. Av to unol.oytopevo
el"dpoto nayoc, rou l.wovarcof eivor prrcp6repo on6 to 60potopo rrrrv ptKpoovrrlpol"trilv tou
npotpil" rou el"oclpfou ror tou totlrbporoq roo rul"tv8pou r6re'onapyer eno<pt1 roDg Kol Tl
8rivoprl rnq rpfng unoloyiorqKs p€ pdoq tov ouvteLeonl rpfng. Aut6g o al"y6pt0pog tyet
rrrr8tronotrl0ei oe fua np6ypoplrcr Tro uzol"oyrcd pt ro 6vopo DARING (Design and
Analysis of Ring lubrication).

H p60o6oq ourrl avd),uoqg pnopei vo Xpqorpozrou10ei TrCI, vo epeuvq0ei o rp6nog zrou
ezqped(ouv rrp 8rivoprl rrlg rpfrlq Ko,rooKtuoortrcoi ncpo.yovteq rng ptllovtlq 6nrog to
6rd,revo, q Drd,perpog Ktrlro riyoq tou epB6l.ou, o opt0p6q trov lol.iv8Pov, I to11"rrr1ta r.o..

5.1.2. Aartepo pow6?'o.

fto to orivol.o t<rtv el,arqpicov xcrOrrrg rworivror p6oo otov rril"rv8po zolJ.^6g tpop6g 6w
undpler aprerr1 noo6rpcr l,movnrou ioote vc vn6"pyet nlnpqq l"[ncrvor1. fr aut6 tov ],6yo
nptnetvo, e(eroorofv ror or ouv0r6eq 6),").euyr1g )"uravrtrcoti.'Otov 11 noo6rqto too l"urovarof
6w elvCI,r oprenl yrc n],qpri ].inovor1, 11neprcp1 6rou opf{er q rieol oto gr.}"p tou }"rnovctrof
ra0opi(erat cn6 rqv urcdploooo aoo6r4ra tou l,wovnrcori. I' cut6 to ptovt6lo Tto vo l,uOei

ro npopl"rlpo rqq 6),leryqg l.rzavnrof 6yet napaylei 6vo or5oolpo tprrbv e(toriloerov. To
orior4po out6 61er rqv noo6c4ro roD 6rc06orpou l"wovaxori rog yvoocq xot 06tet to oqpeio
ero6Sou roD l,rnovarof rrlq dlrurrloto. To oqpeto eto66ou roD l"uravnror5 pnopet vc
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DTroloyror€i ca' euOeioq l"6vovro_q ro o-riorqpo trov e(rorilotov. 
'Etot 

napouoro[etar pia
dpeoq npoodyyroq zoo ouv66er rqv avd.l.uon rng 6)").sryqg lwovnrou ps rn\' Trooornro rou
l.mavttrorl nou elvct e<ptrc6 vo undp[er rc60e XpovtKn onyprl. fro tov xo.Oopto;to tt1,c
6u06orpqg zoo6rqro,g l"wavrrrof nplnetvc yivouv rdnoreq nopo6oX6-<.'Etot Oecopeitcr ylo ro
orivo)"o rrrrv e),arr1plrrlv 6rt unopler o'uve16pwn poq ],mavrtxoti rat 6e6opn'q 0eo1 rcov
el"arrlpirov yra rd0e ycovia roD orpogd).ou. H eioo8oq oto tpiro el,orrlpro ),cr6rou 0eopeitar
6tr eivar n)"r1pog ),rnorv6pwq rord r4v rcivqor1 roD Trpog to KNI. To <prl;r iadtou oro
roilropa tou rnr),tv6pou petd ro ?rrpoopo rou el"orrlpiou tou l"o6tori eivor trcv6 vo iurovet to
el,orqprc nou orolou0ei. An6 our4 r4v napcr6op'1 eivcrr 6uvct6g o rcr0optop6g rq5 nooorqta:
tou l,mcvarof Tro rt6 o-uv0r6eq 6Msuyqq ),wovnrori. ,4.z16 erei rot zrfpcr eivot rarovoqto on
ro ),urovnx6 nou otrdpelvr oro noytul fispoq tou ru),iv6pou eivor o ouvte).eorr1-i rn;

rorovdl"rrloqg l,rzavarori. H zroo6rqta oud rou l"mcvrtro{r nou 6pewe oto ndvro p6po-c tou
rcul"iv6pou pruopei vu uzol,oyrcrei cog 11 8urgopo rrlg fiooorTlrog rolJ l"wuvnrorj rou
petu<p6p0qre rord qv rlvqorl roo zprirrou eLarrlpiou o'uprieorlg rcotd qv rivqd roD Trpoc
ro ANI ror oDrng roto n1v rivqon roD Trpog ro KNt. Kot outq n p60o6o-C t1st
rco8rronorq0ei oto np6ypcrppcr DARING Ko1 ro orcorel,6opatd rqg 0a no,pouoraotofr'
napardtrrr.

5.2. AnotxLtcFctc.

flopordrro 8lvovror ],eirtopeprl onore].6oporo yro rry ].sttoupTio ps nlnpn ].inovor1
Kor yro rt1v l.eiroupyro lr€ ouv0qreg 6l"l"eryqg ]"rnavttrof Tro rrlv e7r€Enynon trrrv yevrrcrlv

IcrpoKTnplottrritv qg l"inovorig rtrlv el.ar4pirrlv epB6lou. To ozotel"foporo outd l"r1g0qrcov
yto, 6vo ouvq0rop6vo o-rivol.o eLorqpirov, oe pic retpori.f,uvbpq pqlcrvrl 2.0 lt. To ole8raottrd

1o,porca'lptomd rrov el"oqpirov KOt ro loparcqproard rng pIXovIq <pofvovtor orov
l l ivaKu(5.1).

Ard,uerooq Kul.iv6oou 89.0 mm
Aur6popn e[86].ou 80.0 mm
Mnrcoc Aurlomoc 141 .9  mm

Tooyurnra 0.37 um
IErb8ec Awovnroti 6.89 cStokes
Tayrlrnro Mnyavnc 2000 r/min
Iuvts).^eon1q qq Tprprlq yrc
Oprarn Tp$n

0.08 l

TIPOTO EAATHPIO
llLaroc E).cqpiou 1,6 mm
'Yvoc 

Avrouo)"trrlv 12,0 pm
Meraromon 0.0 mm
El,oonrn Arivoun 22.5 N
An6otooq on6 ro rotrrl p6poq tou E).arqplou totr
Ao6tori

I 1,05 mm

AEYTEPO EAATHPIO
fl).atoc E).arnpiou 1,5 mm

Yvoc Avtrluo)"trilv 5,0 pm

Meror6rnon -0,3 Lrm
E),aoarn Afvapn 14.0 N
An6o'rooq crn6 to rotrrl p6pog rou El"aalpiou tou
As6rof

5,55 mm

EAATHPIO AAAIOY
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Me

0.6 mm
2.0 um
0.0 um
l t .7  \

i.0-1 mmAn6otaorl gsto(ri tou zccvrrr eLarqplou
rcr tou rdrcrr

llivnxog 5.1:Xcparcrqprorrxa rov elcrqpirov xor rrl-: gq1or1:. [-r]

To o,noreMoporo Tto rnv cvaiuorl rqc ni.rlpou,c trinavoqg go,tvovrat onc Err.(5.2)
rar Err.(5.3). llp6aer vo rovror€i on xa0e ei'"crr1pro e(etoorqxe (eloprotd oe ouvOrlre-c
nlnpng l"inovoqq. Irq Err.(5.2) goivercr ro dwgtoro noyogrou <pr.l"p tou trurcrvrtrori pa rca0e
el"orqpro oe ouvdprqon F€ r4v yrovic orpogc)"ou Tro ro1urnro rng pn1ovtlq 2000 r/min. To
nayoq rou gr.l.p yro rd0e e)"arqpto eivcn cprerd 6uqopenr6 ert6q alro r,a 6rio p6pq tou
el"crqpiou l"o6rcri. @oiveror on ptrq )"tncvo1 61oupe 6tov a)"r1ord(otw ta e),atr1pta oto
ANI ror KNI ),6yrrl rrlq peirooqg rn-c rofDrnrog. Aot6 to ouptrfpoopo oDltqrrlvei Fs rnv
peycrl"riteprl rp0opd Trou Tropornpeiror oro torgbporo roD rcu),iv6pou rovtd oto ANE rot KNI
oe o16oq p€ rov unol.ouro ruirv6po.

frrccPtrcft
EctlOonp.utn fttte
tudorRd

--------- S.drdOfRd

o eo llo zm s 4$ 340 Gto 7im
q.r*AngL(D.ert-)

Err6va 2: El,cXrmo nclog ).urcvrrrof ltc r&0e el,utqpto
orq 2000 r/min, oe ouv0rlrceg nl,rlpouq ),furavoqg. [3]

Ot Err.(5.3(o)) rccr Etr.(5.3(p)) zopouoro(ouv rqv 8rivopq rpfng Kor nlv andt).:ro
w6pyerog yro ro npano el.anlpro oupTri€o'lg. H 8rivoprl rpfnq yro ro p6po-q tou nir].ou onou
to el"orr'1pro Letroupyei oe prrcrl l.lnovoq eivar oqpovnrco peyo]"r5tepq cn6 r4v 8uvcprl rpftlq
noo ovonniooeror rcotd rrp u8po8uvoprrrl )"inovo1. Erionq ror cn6 to 8uypoppo onrb).eurq
wdpyeug eivor govep6 6n oun1 ou(avet 6tav 61oope ptrnl l.ircovol.

E.
T
E,
f
.E
- 2
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o eo tan z7o s |l'0 to tF tD
Crltr ^,|eh (D.gt-)

Err6va 5.3(a): Afvuprl tprpqg yrc ro tTgiro ei.artlpto
oupnieo4g orq 2000 r/min. [3]

0 90 reo n0 S /3t0 tao a9 tlo
Crltl(AnC.(ry...)

Err6va 5.3: Antbkra toXrioq yto to npcbto e).cdpto ouprieoqq
ottq 2000 r/min. [3]

Iqv Err.(5.4) rpoivetol ro e).d,Xroro nogog roD qil,p roD l,tTrovrtKoli Tto r60e eLa,r4pto

oroy eetxe(eror po(i ro 6livol.o rrov el"ornpiov oe ouv0r'6eq 6L).eryr1q l"uavaro6. Eivo,l
qovsp6 6tr, 6tov lJrcopXEL 61,).eryr1 l.movorcori Kol peroqopd )"urovarof to eL.cpoto rlo1oc,

rop qil,Lr rou l.o61of yto Kd0s e)"on'1pto eivo,t o1e66v ro i6rc. Ttot pnopofpe va pydl"oupe rrlg

oopTnpoopo 6n ro s),ornprc roD l"o6rori no;(el Trporo,p1tK6 p61o orov Ko0optop6 tou

e).dporou gr.}"p l"rnavancof po r60e el.orqpro. To o-upru6poopo aut6 tpyeru. oe oup<p<ovia pre

ro 611 ro el.orr'1pro rou ).n6rori 61er ole8uorei 6tor rrrore vo enwptnet. p6vo wo s).apoto qrlp

),o6rori vo unaplet oto Srd,revo peta(ri rou rorlrilporoq roo rcu)"tv6pou Ko,t rou aporpil" zcrlv

el,or4pir-rlv t(ol6fl our6 eivot ro nparo zr6paopo yto rnv napoy\l"rnovarori otov rul"rv6po.

t
a
G

!

I
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Fnccvprcar furg
- - - - -  SooCa lunc rhe
- - .  F i r l o iRJ
---- - - - -  6stdl lE

I

r
i
E
f '
Er
t

0 g0 tto n0 S 'l!to 540 G30 7in
Crrul(&tgL(D.ttx)

Err6vc 5.4: EAhXroro giltl l"uravttrod Yto Kd,et elatrlpro ottg
2000 r/min, o€ ouv0rlKsg 6l-).eryr1q l.urawxori. [3]

5.3. Me),etr1 
"oo 

tp6Ttou eaf6paor1g 6rrirpopcov ttopopstpo)v qq pq?(ovq-c.

fra rqv pel€nl rou rp6TroD ezci8poorlq rCIv o1€8to,oflKov Tropo,pdrpov rov s)"orllpiov

01 o),)"q).em6paoerg psroqf rrllv el"onlpirov sivor olpovrtK6q. ft' oDr6v ro troTo

Xpnorponoq0qrov o-DveqKsq 6Merryrlq l"o5rorl Kor pel"ern0r1rav q e6pflorl rrov tilorllpicov. q

rpofDrnro rov rTnqoverrov touq Kol Tl Tsopsrpio rt,rv d"ornpiov. Itcr cnoteieopcta

nepr.l,opBdvovror Seirteg yro rqv onrbleio sv6pTetoq, to rcoooot6 rq-c perrcrtl-: i.ino.r'o1e xct q

fioo6filro tou no,papf,vovrog l.rnovcrori oto tovro pepoq roD Ku)"iv6pou.

5.3.1. Eai8pocq qq 6l66qq c4q Drcpetpoo npoq cr1 6ra8poprl too epB6ioo.
'E1er 

epeuvqOei o rp6Trog eri8pooqq tou loyou rqq 6ropftpou Trpoq q drcdpoprl rou

epB6lou 1,to pqlov6q nou 61ouv rqv i6to w8errvripwn to1rr yto 6rio nopdyovteg, yra 6e6opev1

tollrqtu epB6l"ou ror 6e6opevq toprnlto pq26ovrlg. fra 6e5op^svl ro1unlta eppol.ou tl

erciSpoorl rou l.61ou n1g 6urp6tpoD npog rq Sto8popq tou epp6l.ou 61er pelsqOei 6lovtog

oroeepl rqv 6d,petpo roD eppolou d,po ror to eppo66v rou Kot petopdl^),ovroq q 6ra6popr1

rotr. fro, 6e6opwr1 toplrqro pq1ovnq petapdll,ovrot Kot ot 6rio rcopdlovteg ol"?"d rpoteitot

ora0ep6q o 6yrog eppol"ropor5 qq pn1ovTlq.
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PlEi$-d,rnl
o t.tto
o  z 6 t  - - - - -
a  t .30  - - -
+ t.00 -'-'--'
x t0.70 -----
o t a E t - -

F - - a - 5 - a - - - - <

F - .  - - .  - + -  -  -  -  - - - { - - - - -  c - - , - - X

+r------- . .+.----€+---------F-.--r . . . .+

, - - . + - .  -  -  t - - . -  - - - {

r - - - - - -E- - - - - -a

lafhr.Rd

Err6va 5.5(o): Eri8paoq tlq oleorlg trlg 8tcperpou ps ro riryoq rou
oakipou xc6o4g orrlv ancb,Lerc toluog un6 optop^6vq tclutqta
epp6Lou. [3]

Irqv Err.(5.5(a)) naploxaverol r'l 0716l€10 wepysroq og oDvdpqon roD ),6you rqq
Srapdrpou Trpog ?I 6to6popq roD eppo),ou yro SeSopwq ro,f)rqro tou epB6l.ou.'Etot eivar
govrp6 6a 6oo ou(dvetor 11 6ra6popr1 tou eppo),ou t6oo ouloverol Kol tl rplpn roD
8rlproupyeiro,r. H of€no'n oDrn rng rpfTlq eivar rqq tc(eroq rou 6vu ecoq nevte oto erot6.

E 8h.89..4 ttrrt
o t o o -
o  1 0 0 0  - - - - -
6 2000 -- .

a\ + SO ---'-'-
- \o!._ x aono ------ - - : -  o 5 0 0 0 - -

. _ _ _ o

- ' - ta. . . - - -
_-- ta_--___ 

__--_

t------5----r+,_--------r_+.5r,

_-------.--__-+

F  - . -  - - - _ . . _ - _ . _ _ . _ a

3sr,$orrnft

Err6va 5.5(F): Eni8pcoq 1116 o"X6oqg qq 6rop6tpou p€ rq 6u6popr1
tou epp6l.ou ot4v arrill.era tollrog un6 opropfvq tcp5r4tc tqq
pnXavnq. [3]

Ir4v Etr.(5.5(p)) noprordveror n onoL€ra wfpT€roq oq otvdprnon roo l"6you rng
6up6rpou npoq rn 6ro6popr1 roD €pp6l.ou yro 6€6opevq ro1Drqro rnq pn1ov1g. Kor e6rrl eivot
qov€p6 6tr 6oo lnKp6repog sivol o ]"6yog rnq 8toF€rpou rrpoq q 6rc6popr1 roo tpp6l.ou t6oo
ou(dveror q onrirLeto rcXDog.

r.75

rto

1.5

t

i ' l
t o'"

0.50

1.41 2
0+
0t

1.73

125

at
T
I 

o.zs

0.30

o8

0
1 l12
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5.3.2. Eni8paoq trlq tpcpirqroq.

H rpaprnro, rou orilpo,tog rou n-rl,iv6poD r(or rq: ernqaverc: ezuor1: rov ei_arqpicov
ro'oopi{er Karo' Wa}'o p6pog r4v ovdnru€q rn-q udpoduvcprrcl: i"incrvo-n: Kar yr' ouro ro
)'6yo 61et peydl"q oqpa,oia Tro rnv rplpn rov ei"crqptcor'. To uuro: rrov uvcoucri-tcbv
ngprypaPErar aa6 rov napoyovrcr (r?,,). Irnv Erx.(5.6) gciverar 11 azcbiera ro;uo: yrc
8roqoperrrclg nptq trov uy<bv torv avropa),tdrr, ( fi, ). 

'ozro; 
rlrcv cvapsi,o;revo q az6ierc

toXuog eivor pelo),rirspn 1ro peyo),r5tepe,c nps; rou uryou-c rov ovr,lpo)"r6r,. Oirrr;: tpcil,etar
Ko,t orov IIiv-(5.2) peyohitspo rlyoq cvcopro).trin' eler ocv otrot6)eopro qy oqproupyic
pelol,rirepou noooorori pu<rrlg ),inavo1c. apc rcr psyo},rjrepq anrb).era roxrog.

YVog Avotpo),rritv
Rn (tm) 0.3 0.4 0,5 0"6 0.7
AirdlLerc lofuoc (W) 285.6 291.7 300,7 310,9 325.1
Mrrn'1 Aizcovon (%)
llprirto E),cr4pro t .7 3 .8 6.4 8.6 10.7
Aeiirepo E),crr1pro 1.0 3 .7 4.7 6,6 8,6
ELcolpro Aa8rou 2.7 5.2 8.4 10.3 l 5 , g

flivoxcc 5.2: EniSpooq rrlc rpa1rirlrcq rtov enr<pcveubv otqv
andl).^eto svrgy€ro: Kor ro roooor6 qg prrrrlg ),furcvor1q. [3]

r!o

Etre[r Sp..d, r/trt
o  c 0 0 _
O  l 0 O 0  - - - - -  a F  - . -  -  < , -  - . . >  -  <
A 2O0O -_.
+ 3000 ---..-----
x 4000 -----
o  5 0 0 0 - -

r- ___ -x_ ___-{_--- --{__ --_<

' - - - . f - - . - - " t s - ' 4

t r€
! o.r.

I
0J0

hrg||r-ndeil(lml

Err6vo 5.6: EniSpcorl rr"1g rpoXurrlro€ orrlv on6lero rcXuoq yra
opropeveq taltqteg qq pllcrvqg. [3]

5.3.3. Ezi8paorl t4q elocox4q 6rivcplg roD elatqpioo.

H ezui8pooq r4g sl,ootrrcrlg 8rlvopqq roo el.orqpiou peLer40qxe al.l.d(ovro€ rrlv
e).coarcr1 6rlvopr1 rou npritrou eLctqpiou. Ir4v Ex.(5.7) <pciverar 61 n crnrir).era ,oruoc
au(dvetar 6oo ou(dvtro,t Ko,1 q el"oonrc4 8rivoprl tou e),oo1ptoo. H ori(qor1 ounl eivoi-rnq

i r:: "r:. I f:-'P(:N
i r i i - ' , r r j , . r l r l i K I J
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raleci,c, rou rpio 6oq 6cb6ero oro eror6 (3-12%) ror e(optdtct cn6 qv roXurqtc fil-C

trq1ovnq.'Ooo ou(dvsror T'l raybnlro" Tnq pnldvn_c rooo l"tyorep4 eivat q peirool aurt1. Onoq
eivor yvrrror6, ro el"orrlpro tou La8rorl na{u rov Trporoppro p6lo orqv noo6rqro roD },c6rou
nou 0c und,p(et oto torlroporo ro'u ru)"iv8pou Kor orlv rotovdl"rrlorl tou. Itov fliv.(5.3)
<poivetor 11 ozrblsro tofDoq ror 11 noo6Trlro roo woropsvovtog l"urovorof oto ndvro pdpoq
rou rul.iv6pou T1o r60e rcfrl.o rnq pTlxovnq. Tta 6r.ogopeox6q rtlrcg el,ao'nr4g 8rivopqq tou
elarqptou tou l"o6rori yc oro0eprl toprqro rnq pn1ovng (2000 r/min).'Eror q peirool rri-c
el,aoarrlg 8rivopqq rou eLnqpiou tou )..o6rof 61er rrl-c cnot6).eopo rnv petroo4 tqq ozrbLero-c
rnq ro'XDo6 Kol rrlv af€qon rqq ratovdtrroo-ng rou trnovnrof.

t > < - > 1 - '

Enefr.8p..d, rtilt
o  t 0 0 -

,.--.x--x---+--'-X I lS3 =:.
+ !000 ----------

: f f i=: '
+--.-+-----+..--"+--"-+

F a ' < - ' + - ' A

8--t - -s--3---3

RhgTt*.r00

Errc6va 5.7: EriSpcoq qq elcotrrq-q 6uvcpl; rou el.cqpiou
ot4v andlletc roXuoq 1tc opropeveg rcluqreg rnq prycvnq. [3]

flivorcoq 5.3: EniSpcorl trlg elaorrrrlg 6rivaprlq tou elmqpiou rou la6rori orqv azdrl"en to1foq Kot orrlv
noom4ta tou evcnopfvovroq l"uravttrof otq 2000 orp/min. [3]

5.3.4. Ezi6pcoq qg 066q9 torv oro6olcirv tov elcrtrlplorv.

H 06on rcov uno8olrirv rrrlv e)"orqpirrlv tou eppolou ezqped(st rTlv o-upnieoq nou
8qprouplei ro 6ppolo. Eav ot onoord,oeq peru(rl rrov oTro8ogilv nopapeivouv or [6r"eg rar
peroKlqeoriv oq orivol.o t6re 5w noporrlporivtar ol"l"oy6q orrp onrb),eta tolllog Kol orrlv
rotovd,l"rooq ),o6mo. Eav onapler ol"},ayr1 rov oTroordoerov pero(u roo nprirroD Kot ro1)
Seiirepou e)..oqplou rot peto(r5 rou Seritepoo Kor roo eiraqpiou rou l"o6rori ano rq opxtK€q
roDq oroordoer6 rore rlapaqporivtor perapolsq orq ttp6g rqq onrblstoq rc1rog r(or qq
rcarovdl.rrlolg rou )"movnro6. Irov IIiv.(5.4) gaiveror r'1 onrill.eu rcXDog yra 8rc<pop€rtKeq

t o.zs
T
loo

El"oonrcq Arivapq ELcrqpiou
Aa,6rori fN)

AnrbLera loXuo-c (W) Arzavnrco oro navco prpo_c
rou rui,iv6oou ( mmt/sec)

32,0 326.9 0.8 r
28,4 315 ,1 0.90

300,7 1 .00
20.0 287.8 1 .46
16,0 274,3 1 .79
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A)"Lcy6q orq oTroordoe4 trov
uno8oldw tow e).4n1 picrlv

(mm)

Arc6).ctc loXuo: {S-) Amcrvar6 oto ndvo tltpoq
tou ru)"iv8pou (mm3/sec)

3,00 29s.7 0 .51
1.50 295.6 0.52
0,00 300.7 1 .00
1,50 295.5 1 .36

llivaraq 5.4: Eri8poorl q6 on6oraoqg percsr rrov uno6o,lrirv tov eiwrqptov otr: ]000 r min. [3]

o,zoorooeq psro€f rrllv oTro6oyav yw otoOep4 rcrplrr1tc rnq pn1ovtlq (2000 r/min). To
crnotdl-eopo 8eilver ott 6w tndplet o,nrb).ero to1loq.

5.3.5. Eni6paoq too zldtooq too el"atqpfou.

Erqv Err.(S.8) go,ivetu,r 11 azrrbLera qq roXuo; oe ouvopn'1otl rou ni.ctouq rou npci:tou
e),oqpiou. Erq prrp6repec, ln:ybqrsg Tnq pqfa\n; 11 cn6l^erc roproq peubvetot 6oo to

nXaroq roD el,onlpiou ou(dvetor. In4 preyo)"r5repe-c tcptrrlte-c q onril).en roplog ouf,ovetot
6oo ou(d,vrrol ro n)"uroc, rou el,aqpiou. To pryaio n)-cto,c tou e)"oc1piou Boq0dsl orllv

$riproupyio r4g u8po8uvopllcrlg ),inovoqg Kor ornv petagopa peydl"qg noo6nltoq l"urovnro6.
fr' ogt6 rov ),6yo peuirverar ro Troooor6 qq peucr4-c iincvol-c orq loprlLeq toprt4teg rot

or6l.ou0o perrirveror Kol rl a,nril).eto, ro11roq. Erov fliv.(5.5) <poivetot 11 o16or'1 cqg orcrilLercg
ev6pyeug Kor rrlg ratovd,l,rrlorlq too l.wovnxou ps ro n\irog rou e)"or4piou tou )"o6rcri.'Etor

61oupe peyol"r5tepq ro,tovd)"crlor1 l.wovarcof po peya)"rjtepo n)"6toq e).orqpiou.

150

123 Rhg sp..d, ztr*r
o  a o o -
o  t 0 0 0  - - - - -
A 2 0 0 0 - - .
+ S0 -------.-
x a000 -----
o 3 0 0 0 - -

' . ' r€

I 0.,,
!

> 1 - * + 4 - o

ts-*-- -+" '  1- ' - t - r

+----+----+..--+"-'+'r..*

t s A - + - - a - + <

I t.4 tt 22 2.t ! !.4
Rhe Wtm{rilD

Err6vu 5.8: Eni6paol tou naloug tou elaqpiou orqv an6lwn rofuq

yra oprop6veq tapqraq tqq pqlav1g. [3]
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ll)droq Elar4pioo Acr8rou
(mm)

Anrir).erc Iofuog (W) Arnavax6 oto zcvro ptpoq
rou rul"lv8oou (mm3/sec )

0,40 318 .7 0.32
0.60 300.7 1 .00
0,80 299.0 2.07
1,00 304.4 2.45

flivorag 5.5: Er(6poo1 rou ndlouq rou e),crqpiou rou )'o6rou orrlv rcrcvotraron tou l.urawtrof orrg 2000 r/min. [3]

Ezcionq uzdplet o1ron tou zL.otoug rou e).nrqpiou ro,r d,l.l,alv nopop€tpov ozrcoq 11
erngovetorq tpoltrqru,. Iq Erx.(5.9(a)) rcar Err.(5.9(p)) qoiverar q o16o11 tou nl"otou-q tou
e)"or4piou ps r1v onrbl,eta rotrDo€ yta Eroqopeax6g rtp€q rng ernqovercrqc, rpaybrrpog, Kot
rqg el"oorrnlg Sfvop.qq roo e),orqpiou.

^ 0.r5

T
b
t

A
0. r0

A

\
t _

- _ . t _ _ { ,

o .

&drcr Roueh (Rq), rm
t r 0 . 0 -
o  0 . 3  - - - -
a 0.7 --

- = - - o - _ a _ _ + _ _ o

r\_

L+-c_a+

13 22 rt 3 !.4
Rhg fryEt (ttrn)

rou nltrtoug tou etrotrlpiou orlv ancoiero

rrpdq tq; cm<pcvctarrl; rpcpjrrlrc:. orr:

0.03

Err6va 5.9 (o). Eni6paor'1
rolioq yrc 6ugoperrniq
2000 r/min.[3]

0.r3
t€
T
* o.ro

?raon, t{
o t0.0 -
o  a - 6  - - - -
A tao --

t r'4 t' 
*#-,,-,, 

- t 3'4

Err6va 5.9 (p). Eni8pcorl tou nldtouq tou el.ctqptou orrlv ondltr:tq
roXuog 1ta 6ur<popeurrl gopnoq tou el'atrlpiou orq 2000 r/min. [3]
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KEOA AIO 6
ETIIAYEH TOY TIPOBAIIMATOX TID AITIAI{XHX KAI YTIOAO|IIMOI TH:
AYNAMHX TPIBHE TfIN EAATHPIfIN TON EMBOAON.

Kopicpleg elroriroerq xor oprcrx6g ouv04xeg.

A6yro tou 6tr to gr.l"p ln8rori eivor no)"6 ")anwo oe oX6or1 pe rnv eo<oteprrrl 8rcpetpo r.1
l,incrvorl w6q elacrlpiou epp6l"ou pnopei vo TrpoooFotroOei ps rnv l,{navorl ev6g o}"to0civovto:
tprlpatog to onolo nveftar ndvor oe pra enizebrl enupdvera otrlv ozoia onapXet wa gr-],p ].n6rou.
Aurn n rcordorcrorl eivar roo66vopn ps aurq ev6q otaOepori tprlpatog Kot ptog rrvor5pelq:
ezins8qq enr<pdveug. H topq(l) eivor eyrcdporo toprl orov x - y d(ovo on6 to oqpeto A rat
q topA(2) eivcr topr1 6'cov y-z d{ovo oto iSto oqpeio. To n61og tou <pr-}"p tou la8rcri mo
o-rlpelo A 0o eivor:

h r , = h r , + h r , + h ^ (6 .1 )

ho ru,r ft., to zp6o0eto rdlog too qr.l"p ).6yro ropzrul"6qtag otov 6(ovo, x - y Kol y - z

owiororlo 11 olettrrl raybrqru rrov Srio U rar W eivat to tpoptio to onoio 8rlprouqyeitor ono
tr1v nieorl tou <pr.l"p la8n6.

'Orcv to qr"},p La6ro'6 6Xer 16oo ndlog rirote vcr p4v undpler enogrl rtrlv tTrlgovet<ilv 11
l"inovoq etvcn u6pobuvotrllcn. 

'Otcrv to gr),p ln6rori 6sv eivar opretd nayb rorx uzrdplet ezagtl
rrllv e7r(poveuilv (enogr1 rrov crvcopol"r<irv trov 66o entrpaveuirv) rat 11 )"{novoq eivar ptrcnl yrcti
6vc p6pog rou goptiou psrog6petor oz6 to qr-),p )"o6tori rot 6vo F€pog on6 t1v tpoXrlqta totv
enrgoverrbv.

To ndlog tou gr-l,p la8rof hn,, 6tav unoplsr u6pobuvopmrl ),inavor'1 6ev pnopei va

raOoproOei orprBrilg. E\aprarat eke on6 rqv tonoypa<pfa rrrrv efilgovet6v ette to uyoc ttDv
crvopo,l.rritv (tpoXutrltc enrqdveurg) rcor etvcr KoroysTpoppfvo otov llivarco. 6.1.

Ex6va 6. l: Topeq ol,uOaivovroq tptBfc oe 66o 6reu0uvoerg oe leio
erngcverc. flapououi(er o;-torc oupneprgopd ps qv l.^ertouplic evog
elnqpiou epB6lou. [a]
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fleprypcrp 11 IIcpcruetoo)v Erip8olo Trpn
Ka,pzruL6tnto
(a) eLorllprc
(b) dpBofo

p
500
2000

AouFrprTpro To)v ilpogt/, 2,
(4, np(r)To tlrrTnoto
(U) Del)Tepo eLc
(c)elctnproffi
(d) 6p0olo

I
1l-

rl-
1 1 1

0.4
0.2
0.5
0.4

r .25
1J,

Ekiporo ffti2go6 Y6po6ovaprxqq ninonorlq
(a) oi"o, r(r el.ornpt(I
(b) 6p0oro
Xuwd,eorrlq Tp,p,rig T* h = h o n .f*
(a) zrprilto elarnpro 0.005
(o, osDTepo e^(rTnpro 0,010
(c,, r^{rrnpt0 AooroD 0,020
(o, rppo^o 0.002
zruvrr^€o?T€ rprpqg yrc Mq6ewx6lfti1oq Ac6roir C Nm

3000 m
rad

Ardxevo Edrpatoq EuB6X,oo c 8p
^.^urvrl .1\uotou Koto rrlv lf.[vq6q npog to ANI 2,,

(a) nprilto el.arnpro 0.2
0 .5
0-0

(b) Ssutepo clcrnpro
(c) 6la to dLl,o,

llivoros-6.1: Trlreq tov ncpopetprov fiou xplo-rl^rofioto0vror oroui unoloyropou:
tou FEM or oroieg l.r1g0r6ov oa6 to Miltsios l9gg. [4]

H Srivapq rpfng tou eLnt4piou epB6lou e(aprdtor an6 n ei6og qq l.tacvolc Trounopouord(ercr rcrd qv Srcprero rrlg Le^woupyiog tqq pqlcvqg. rrnv r8po"8uuoprcq l,incvol 118rivoprl rptplg 8rlproupyeit ut un6 trlv 6razp4o4 
-rou 

.p*1, L"-4,o6 rar crlv zieoq ],o6to6 troucrvonniooetor oro gr-}.p.
rolv prrcrrl l.inovoq 1-6rivopq rp$Ig SrlproupTeiror rard, wo, p6poq on6 roog 6rioi8roog fiapayovxlq r4g u8po8uvopKng l'inovo'ag rol ratd wa p6pog an6'tr1v 6dtpqorl rrrlvavropal"trilv oqv ezogrl petu(ri rov t?Itgov ewv ywri ro qr),pr ),a6rori Dev eivor- oprera nay(t varq rpatrloer (elatprotd.
Or rupicpleg e(toritoetg Tro rnv ),irravo4 tou el,oclpiou eivot:

H e(iorooq tou Reynolds,

+(t?).!(!:q)= _urL+n!
ax\pax)  fu lpU) 

- "ax" 'o t

rot q e(iooloq goprioo

i-

7 l

(6.2)



w=l ( na'at (6.3)

Av to h an6 trlv E(.(6.1) avtrrorooto0et mqv E(.(6.2) nporbnrtr to o'uorrlpa rto\'
e(rorboeorv (6.2) Kor (6.3) p€ Srio cyvrirotoug ro p Kat h^. Or optcrc6g ouvOrlxe: orov
d(ovo x eivcr:

X:o. p: pr(t)
x:1. p: pz(t)

6nor pr eivcrr 11 nieon oepiou oro op1rrc6 d,xpo (ndvro n).suprrc4 6ry1) rcar p2 oro l. xato
nLeuprr6 d,rpo too eLc,rrlpfoo .

Ot oprcr6q ouv0r'1reg orov 6fova y oDvoworivtor oto dvorypo tou el.crrqpiou ezrerSrl
to dvorypcr aut6 eivar nol,6 prrp6 pzopei Loyrrd vc. uzoteOei 6tr 6ev DTcapXEL poq uypori rctcr
pnKoq aut<irv t<rlv opirrrv ror on6 erei ror n6pc.

u =g^oP =g'4 ,

y - L ,

Or crpltr6q ouvOrlrceg eivcrr:

h ^ ( t )=h - ( t+T )

pQ) = p(t +T)

6zou T eivcr 11 nepio8og l"enoupyicg qq pnxovng. H nepio8oq T efvct o xuxi'"o; rn; Fn/.a\rl:.
fto pra tetpdlpovq trqxcvn q zepio8og eivat 720o (yrovtnq) orpo<pd,).ou (6uo orpog6-c) n os
povd8eg 1p6vou

120
r  -  - J

N
6nou N or otpogdq os rpm.

Acpoti ID0ei to o-rioclpo I zri€o'n p Kor ro nayog rou <pr-l,pr.l.oSrori h eivor rcaOoprop6va.
Av to el.cXroto T.axoq tou qrlp too ln8rori eivcr peyakitepo an6 rc e).d.poro napq qi4t
ynru6po6uvotlucn l"fuavor1, h,o, r6re 11 )"inovoq eivatnpaypatr u6po6ovoprKn. !e ourl r4v
nepintro<i1 q 66vapr1 rpfng yro r60e povdDc enupdveug oto toiyopo rou ru),tv6pou eivor:

(6.4)

,  h )p  ,  pU
l - = - -

zox  n
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Kol q oDvol,trcq 8rivcrpq rpfng orqv roteriOovorl tou a_(ovcr x (Xo)pq rivnoq otov d,(ova y) efvot

r= I t( +*.#F^
6zoo lror L eivor 8raotdoeq tou ohoOaivowo-c tpqpotoq.

H cr8urotaol e(iorooq Reynolds eivct:

,  a  (h '3  ap" )  2 i  a  (n ' '  ap ' \  . , ,0h '  . , . l  ah '
7 S - - T l  - ; -  

l - T -  .  ^ ,  |  
- - '  

l = - O -  ^  .  T i z ]  - ,&\P ax )  A ,aY \P4 ' )  dx  ld t  
r c .7 )

(6.6)

(6.8)

o7[oD:

. l

a -

T
*  1 '

v "  7 J -.L

' r  h
n  = -

ho

n
n * -  r
r

Po
. X

I

, hi, Pn
A r =  

I

ho Po1 -

H a8ra,otoq e(iotootl tou tpoptiou :

'Y - 
'r'r 

r*0,
p,,tL d ,i '

ror o8uororq e(io<ooq Trcr rnv 66vopq tprprlg etvou

l='lit; + :*)**
n a
I J

(6.e)



6nou F/L eivar 4 Drivoprl rpfnq yta rd,Oe povd8c tou prlrcoog qq nepup6percq

Me€o8oq natepaapfvov otorleiov.

H npooeyporl rou Galerkin pe wc wpan),wpo. ypopl^uKd ororleia
ror q dyvrooq nieorl etterczeivero,r on6:

tou ei-aqpfou.

xpqollloTrorouvrol

6rou pj(t) eivor 11 trpn rng fiGonq oro j ror o Xpovoc t TroD eivcn dyvroorog, Kol <It(6,n) eivor
8uSrd,otato nenepoopfvo otorleio rccn pdoq Lettoupyiac nou etvot dyvroot4. H rooncrpapsrprKrl
o1e6iaor1 :

4
s-x = ) .x ,Q' (1 . ry)

, = l

,\'
p(t)  =>p,@@' G.r t )

4
sr

!  =  ) -1 ,@'  (€ ' ry \
l = l

XpqorpoTrol€trct yrc, vo ercrpq0oriv oi rcapdyotyor

ap .L a@r:=  >oy ; ' '  ry

0p g aQ'- : -= )
0x  u ' t  Ax

6no4 ovotpfp0lre vtopitepo rc nayogrou <pr.l"p la6rori eivcrt:

h=h^+hu+h,

TO OfiOlO ol.tl:

ah ah^ , ah", . ah.
- = -
0x Ax 0x 0x

(6 .10 )

(6 .  1  1 )

(6 .  1  1 )

K{t1

ah _ah,  ,0h*  ,0h,
0t 0t 0t 0t

T E . r  l l  i ' i ; { } iV
l i l t " rA i i . iU . l iK t . {
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6noo to h. eivan ove(dpqto azr6 to x rot 1' cuto:

0h,  =0
0x

To npogi,l, otov u,(ovo y eivat crve(dpqto on6 to x onore:

ah-. ' . ' _0
Ax

KII,l

ah 6h-
- ;  - - J l

6x 6x

Eniorlq, crv to elaclpro Kol ro roi1opo tou rul"iv8pou l"qrpOoriv og e€opr6pevo orbpato (Xropiq

vo undpler el"ootrKn napap6pgroo4 rotd crlv Surpxerc roo nir)"ou), r6rx q ft. eivor crve(d,ptqtq

rou 1r6vou ru,r dpo:

ah "_"  - 0
0t

to onoio 6fver

Tel"rxd 11 e(iorool tou Reynolds (7) yivetat:

ah^" 1 '  _ 0

0t

ah _ ah,
0t 0t

)  ! ( ! :q\*tr ' , '  a (h ' 'o ' l= -6Lroh* *p!-9!-' 0x \1 t0x)  ) , , fu \p fu)  0x  T 0r

o7to1):

(0. r:)

(6 .14 )h = h , + h o + h *

or y'r.* rcr 6h*I0x <pctvoworoqvErr.(6.1)rcoruroloyi(owcrtyrorux],rx6npoqi,l"an6:

t )



,- = 
t(^- [*' - (t - 8,,-', ']t 

) (6 .1s)

0h,, _
Ax

( .  '  ),,,=++[[' o -^.)".,.(?-*)] '-',l

r  ( t-  8,,  -  r)
h  |  . - ' l l"" lR2 - (t - 8,, - r)'.1, (6 .16 )

6nou R e[vot t'1 ortivo tou npogi]" tou e]."orr'1ptou rct Br, = Rsin2y, 6rcou y,eivat' pia

XopoKTnprortrrl yorvio roo rat<irrepoo p6pouq roD entrl"tpevou npo<pil, too eLarrlpiou, 6nro-c

qcrivetnr otqv Err.(6.2). H ft.,, unol.oyi(etot ornv tpTooia Miltsios 1987 yto to orilpc r1:

e),"Lsrntrrcr1q e-yrdporcg ropng ror tfletoo rux)"trcou eLnqpiou trlg:

(6 .17 )

Err6va 6.2: Lenroplpeu w6g ouppetprro6 npo<pfr el"crqpiou rmo ycovio rp. [4]
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orwr D, eivor 11 Surpetpog tou rul,iv6pou. l, o l.oyo_c q-c eLl"euy4g tou ru)"iv6pou rcr d,, q ycovia

too peyd),ou 6lovo r4q 6LLerryqg tou epBol"ou pn(i F€ ro rw6 tou epBol,ou. Or uzoioytopoi
8ivowar )'enropep6orsp{r oro Miltsios 1987.

Avcrhiowcrg tqv p60o6o too Galerkin :

/  . , ,  ̂
R'= I  (^-L9r '4r ,* )J 'h '  @* '* )

t1  ' lax  1 ,p4.  )

_  l ,  ( ,1 . -4 'apaa '  *11 l t3  apa6 '  _61;oh-o ,+rz t  ah,  @, \ ro ,'n [ "p0x0x 2 ,p fu fu  6x  T0t  )  (6 .18)

frc opr.o,rc6g o-uv0r'1rceq roller: AB (y:0) CD (1- I )

9=o
av (6.19)

B.r.= lt,!)-!r'arl * f t,t-?* arl,
a  ^  

1 t0x  
"1 " ,  t  ^  p0x  "1 "_

" l " l

= |tr, !-!a' dyl - f ̂ , !-!a' ayl
'  l t  ox l ,=r 

'  P ox l ,=o (6.10)

Oprarcd 6tcrv x:0 rcrr x:1 r6re:

P  =  P t  K01  P=  Pz  (6 .21 )

ah,  _h , -h :
6t Lt rc.22)

A6vapq rprprlq rcrr x6wpo zieoqq.

Metd to hiotpro too o-uotrlporoq ro un6lowo yro pj rcn hm, q Srivcrpq rpfnq pnopei
vo unol.oyrorei an6 qv Et.(6.9). Avtrra0rotrilvtog to h Kot 0p10"7 uno aS E€.(6.14) Kor
E€.(6.1 1) cwroroiXc'rg n E€.(6.9) ytvetar EE.(6.23).



( 6 . 1 1 )

Ito pepoq noo tyer o16rl.ro1 tou xrvoupwou elaolpioo tnupyet tvac, ol4pctrog^to:
an6rl,torlq w6g dyv<rrotoo pey60oDg. H zieoq exei eivor otoOepq ror ron p'oDTn rnq opurcrl;
KCrryr'o,ut6 11 zieoq eivcrr pr166v. on6te eivat ro Deurepo 6pto tqg EE.(6.23), 11 onoia 6iver rqv
66vapr1 rpfnq oe o16oq ps rrlv nieoq pc0po),6yqo-nq. O nprirroq 6pog qq E1.(6.23) o onoioc
6ivet tr1v 8rSvcpq tpfng oe o16o11 pe rn 8tctpqoq roD pa)orori 6sv eivor prl8sv yuti or
<puoa),[6eg otrg ror-l.6trpe6 6w 8rlprougyoriv rd,norc crotv61eu,. H Srivopr1 rpfig or o1eon
pe to r6rytpo roD cepiou oag ror-L6tqreg lappdverar rurc,l\o/o roD corresponding oro nlrlpeg
rpr.l,p l"cr8rori o'e oepd yw ?,nyapwop6 yrc 6vo perolp6vo r(rb6e6. Aw on6.pyet rp6nog vo
ertrprlo'oupe crunl tr1v on60eor1, olJ"d oe o16oq tr1g ouvol,trfg 8rivopqg eivar ptrp6tepr'1.
To r6vrpo TrGo-ng tou rpr-l"p l.a6rcri 8iveror crn6:

I lxndxdv
t t  r

v -  o o
,  -  

1 1
t l

J Jpdxdy
0 0

Tp#tl yra prxrrl i,[ttcvo4.

H 6rlvopr1 rpftlg oe sva elatrlprc epp6loo e(optdror ratd 6vo. tl€pog on6 to eioo: rn;
)"inovorlg ratd. qv 8rdprcen rqg l^aroupytog rqg 1lllxovng. Av to naXoc, rou <pri.p i-a6rou h
eivnr peyatrritepo on6 to rptorpo ho6,\ Linovo4 eivoro6po8uvcpucq. Av etvcr urxporcpcr o,ro
to xpiorpo 11 l,inovoq eivot prrcr1. Icnv uSpo8ovoprrf ]"inovoq 1 duvcuq rn; rpfn;
6qptoupyeiror oz6 tr1 6rctpt1o1 Kor rl1v rri€6n l,a6ro6 rcou enrxpcrei oto o0-u. Irnv uucn
l"incrvoq 11 8rivoprl rpfnq 64pnogyeitcrt rotd evo pfpoq u,n6 autou: rou: ouo ;ro+xryo\ar xul
rotd 6va 6),1,o p6pog on6 rq Ddrpqor1 rrrrv ovopo)"uilv, or onoiec tdlpc e ivar oe aroorl perq;u
roDg.

fta tqv pncrrl l,irovorl, q Drivclpn rpfnq 6w pnopei vo unoioyrotet ue c;ri.r1 rrO-uo1
qg s(ioorrlq Reynolds. Ie cor4 rqv nepintrrlol Oeorpeitcr otr 4 6uvap4 rprpn; 6ivcrar o;ro rrp'
e(iooorl

F=f l l (6 .1 - i  )

6zou W eivcrt to goptio oto elatqpro ror f eivar o ouweL€orr1c rprprl; Trou s/a unoi-oytotei
oto Miltsios 1987 og ouvdpalorl roD ndlouq tou gr.l"p l"a6rori xcr rqc rpcprqro; ttor' 6uo
emgaverrirv oe enogq. Or ap6q trov lloeov rqq f epgcrvi(or,ror orov flivcxc (6.1)
Av q Fi eivar q Stvoptl rpfng oro 6va otorXeio qg nepro2grlSroxE 11 ouvoixl eivot:

L =' l ' l l  I  Pu
T - !!ITV,. hr h)

(h^ * h,, + /r., )

(a.z+)
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f.

t r - \ - t r
T  -  

/  T ,
4

'Onou E eivar o crpt0p6g trov St8tdotorolr orotxeitou Fi.

(e .za)

(6.27)

o7[o1)

, f  o(€ o,  r t  o)  = JP(6 r ,  r t  r )

6nou f eivor o ouweLeonlq rpfnq oto orlpeto Gauss r rat P (6r,rlr) eivnt 11 nieorl grip

l.a6rori oto t8ro oqpeio Gauss. H 8rivapq tp#nq 4 oto otorXelo i eivar:
t

F,=Z*r . f r (Eo. r t r )  (o .zg)
k=1

rr r eivcrr ouvteLeotnq pcrprirrlto€ tou Gauss - Legendre tmpoyovtoporl'

Azote16opattr.

I' crux11 trlv w6qto ro, oTrocl.fopcto tou FEM yto ro orivolo tpuilv el"aolpic'rv eppolou

napouor6(o\.'ror yur qv 8rivcprl rplpng Kor ro noyo .c tou gr-l"p l.o6ro15. Or unol.oyropoi eytvcv
yra rd$e 10 poipeg rqg ycoviag otpogdl.oo Kol ro cnoteL.6opcto oleSrdortlKov oe o16o1 pe 11

yotvta otpoqd,l.ou yro 6lo tov nirLo rng pnxovnq. !' out6 tov o1e6raop6 0o ytovio otpoqdi-ou
crwrororXei oqv appl rou rrirl.ou rnq elooyroynq . H avdl,uorl unoloyimqKs Tttr pic tetpcTlrorrl

pq1ovn otto 1,8 lit crurorrvr1tou. YnoLoytopoi 61ouv yiver yur ouv0rlxeq l'ettoupyir uoro.
Aut6 onogeuyer qv nolurulor6qro rng p6rpn6ng Kot rov onoLoyrop6 rtov rapoutrptrlv nou

eivar nol6 rno 8riorcol.o va rcrOoprotoriv un6 ouv0rlreg ro6o11g. Aut6 pnopei va uetovc\-rei

orlv TwrK6rrlto rov oTrorel.eop&rrov, ctrln, tdlog ndvtorv un6 ouvOlxec xcuorl; to

onotel.fopatcr rptp6v gaivovtot o-uppotd F€ ro, trTroreLfopoto 6tov ta Soupe ot o7-torl rrl;

y<ovfog otpogd].ou.

'0..o rr! :r.E 
c"fr.*o-gffig t 

- s ry

Err6va 6.3: Ynol"oyropeinl Suvoprq tprprlq ma el'mqpu yu trwcwx6 SAE 50' [4]
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Ka0oprop6g qg flpqq oprcp.fvcov ncrpcpetporv.

fta vo hiooupe to zp6p\po rn-q ),inavor1_c tou el"u,trlpiou preprroi napap.erpor rpsnsr
va rca0oprototlv tt19 ovo<p6p0qre vroptrepo. Tn_c on6 a,ur6g pnoporSv vcr perprlOouv o.l)'a rr1:
np4ner vo urcoLoyrotofv Bdoet qq oz).ou ysop€rprKorl enrXerprlpo,rog rnq oto Miltsios 1987.
Or tqr6g ootrbv t<ov onoreleopdrorv ouvoryi(owot orov flivoxo(6.1). To onoteLiopctc
goivowor orq Err.(6.3) Iqv t8ro gryofpc Aaivowcn rnq Kol ra Nr.;tpaqv:rrd ozroteMoporo.
To nepo;rartrd ndp0qrov on6 vorlpotcr nou zporl)"Ocv an6 epya),:to ror software rn,q IMEP
pe066ou (Patterson). Or o-uv0rireq roo nerpdpotoq qrav tcXur4ro pt11cvt1g l. | 00 rpm motoring
on6truo1 nieo-n etoayoyrlg 19 inHg Oepporpaoic veporl rat ln8nri 93' C rar r(dl6eg l"o6rou 19.8
cSt to otcoio awrotorlei oe lurowx6 SAE 50.

Or ouvOrlreg lrqq04rccrv pe r4v i6ra ta2pqra 0epporpooio, r{cil6eg rcot nieorl oepiou
petpr'1&1rav oe rr5l,rv6po rctd q 8raprera. tor.r rerpd.proroq . H 6r5vopq rpfng Kor ro naxo;
roo <pr.l,p ln8rori oro o-6orqpo tarv el.oclpirov )"urorv6pwo an6 Lrnawtr6 SAE 50.
o1e6rc(owoq ornv Er..(6.4) ror Em.(6.5) o,vootoilcrr-c.

'r! u -. 
cnfforrcr.Et?.,r 

* .- L'

Err6vc 6.4: Ilerpopctrr4 6wopq tprBrlg xot Oeoprlrtrl yto grxtl i.tnovorl. [{]

Eivor tercpqptopwo cn6 qv Err.(6.3) 6tr yro to peya)"urepo p€po; rou rlxi-ou n tpfn
eivar u8poSuvaprrfl ror p6vo rowd oto ANI Kor oro KNI q tptprl eivct trtK'nl. H u6poduvcpu.l
l"inavoq onapyet 6nou q tprprl au(dvsror p€ tr1v toXutlro rou eppoi-ou t ot rl utxrrl i,ftavor1
perciwercn ps rnv raXlqtu, too epB6l.ou. ft' cut6 to l.6yo ov q tcprrqta rn; pn1c\Tc e(vo.t
p€ydh ro u8po6uvcrprr6 p6pog eivcr prycrtrritepo, wtb cntrOeto,c ro ptxto pspo: eivc,t
peyahitepo.

Iu'1v Err.(6.3) ra fislpoprorlKd, ozroteLdoporo oopgrovouv ps ra q,notei*eouo,to roll
nporll"Oav on6 cqv pel"6tr1 rou pow6Lou. M6vo oe pia neprcy\ n:ptnou 30' peta to ANI rcor
rccrrd tov 1r6vo filg rlooTovyrlg rcrr rcrtd rov X,povo c4g err6vroon,q q nerpcpcttr4 pe0oSoq 6ev'
5 iver arptp eq anoreXiopcro.

U
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A6vapq rprprlq xcrr ari2gog gflp lc6rori tcov slctqpfcov.

Xqv Err.(6.4) gafveror 6u q 8rivcrprl tprpnq efvat 8togopertKR yra ra0e e]"cn1prc. lto
nparo elarqpro n rpfq eivot u8po8uvaprrrl oXe8ov ncvrori, o),lc q tprprl tou el,aqpiou tou
l"o6rof etvcn prorl u8po6uvoptrn rcor pron ptrcrrt. H tprpq oto befrepo el"ctrlpto stvcn avcpeoa
ora 66o. Aut6 pnopei vo e(r1yr1Oei e(er6(ovrog ro nayog tou gr-l"p tou Lcr8nri yw ra rpia
elnrrlpra otqv Etr.(6.5). To naXoc, rou gr.}"p tou ln6rori oro nparo elar4pto e[vot pryotrritepo
un5 ra nayoc, rou gr.)"p tou el,oclpiou totr ].a6nri ror oz6 to rpiorpo TEoXog tou gr-)"p rdtro an6
to onoio DnapXEL n pucun l"ftovoq. 'Erot q tprBrl rou rptirtou el"aqpiou etvct rcupt6tepc
o8po6uvoptucn.To nayog roo qrl.p la8rorl rou elcqpiou l"o6tori eivar fiotrf ptrp6tepo an' 6rt
cror6 rou nprbtou elarrlplou ror o1e66v ytc rov pto6 rfrcl.o prrp6tepo ctr6 to rpiotpo nayoq
gr-)"p l"o6tor5. Apcr on6.pXet prrrrl l"inavorl Kor on6re puccl'l tptpn. To naXog tou gr.}"p Ln6tori tou
6eut6pou eLncqpiou eivcrr peto(ri tou z61ouq rou gr.l.p l"o6tori trov 6Ll"cov 5r1o e?uarqpirov rcot yr'
oo16 tov l.6To q tpfr1 tor-r sivor xdzrou avdpeoo m1v tprp4 torv 6lJ"ov 6rio.

t d! * 
cnfit*q-e?t*0, 

-

Etr6vo 6.3: Ynololopfvo ndlog qilp tr"wowtxou 1ro iunmtxo SAE 50. [{]

To ndloq rou gr-l"p la8tod too zprirrou elatqpiou eivcn peycl5tepo ncri 11 tdorl tou eivct
prrcp6tepq oe o16o11 pr ro dlJ"a eLotrlpro (B),. orov zivc,xo yrcr ro Zopo\Tnptcrtxc tov
e).atrlpirov). Enioqg to nlatog tou elacqpiou tou l"obrori eivcr to prxpotepo. Auto oe ouvduaopo
pe qv peya,trriteprl tdorl tou elnrrlpfou, rdvouv r4v g6pttorl oto ei-crqpo rou i-cdnrj (crvo
pov66a eppcr8ot) rqv p.eycrlfteprl. To onot6leopo eivor ptrporepo nc7.o_: gu.p i-a6rou xot
neproo6repl plKrn l"incrvorl rcn zpf4.

Xt4v Err.(6.5) pnoporiv vo yivouv rar peptrdg d),}^eg nopornpnoer. flpdrtc cn' 67rc
DTEa1XEL rfoo <dl,pa>> rcrtd qv <pdor1 tr1q err6voo-nq Tta to nprilto Kot ro 6sutepo diarrlpn. O
l"6yog yr' out6 ro gorv6pwo 6ev eivar lercdOapog: oe our6 to oripeio tou rurci,.ou iettouplinq r1
nieoq t<ov oepicov unepdvo r<rlv el.arrlpirov yivetor ioq pe qv rieoq rcto cn6 ta e),cr4pto

t
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(Miltsios 1987) rar l.6yro tou 6rr 11 8rivopq rpfn€ eivot pe gopd npog ttr sndvo' ro Ttto nt0ovo

eivar to elnclpro vo FsroKlewatan6 ro rcdro pfpo-c tou aul.nrroti tou el.atqpiou oto ncvto

tl€pog too 8qliroupyrbwog 6tor pfur (crqvttcn aM"ayq oto ndlog too grl"p tou ]'n6tou' Autrl q

reqyi"tl oupfioS(ei *ot 1it crlv on6topq o]'-layn t4q yorvicE rnq rlto-ng tou epp6]"ou otrp' i6ra

nipioltl'*ot'ot o16o4 lrs rqv ouv6ooopn'r1 6pdo-n rnq risor1g, r4g oSpavefog rcat tov Suvcpecov

tcov rpr.B6v
Af.Iq pic troponlpnoq ornv Ex.(6.6) eivar 6tr DTLa1XET rd,zcoro o-uppetpia oto trc,7o: tou

gr-l,p rou lcdiori tou elarqpiotr tou ),o6rori psro(D ttov lp6vrrlv TroD ro 6ppolo nveitor pe gopc

7rpo6 rcr rdvro (oupnieor'1 rot elayory4 ) rat pera(r5 tcov Xp6vrov fioo ro 6phfo rweiror pe rpopc

npog ,o rdtot (etooycryrl rot erct6vroorl). O l,o1oq yra out6 to gaw6pevo eivol to ouppetpxo

,rpo.pn tou e)"on1ptou. aDrn 11 oupperpia 6w undpler ota 6Lla Srio eLcqprcr loyor tolv et6tx6r'

arapopgriloro)v Trou 61ouv ta npo<pf), rouq. Kcrt6 qv 6td,pxeu fllg rcivnong npog to ANI ro

fr6poE too elat4piou nou o-upp6l"et otrlv tptp4 eivot peyalftepo. Am6 8qptougyei peycr)"ftepq

u6podrwap,t n 7jL6ln peta(r5 tou el.aqpiou rct tou torldrpatog roo ruliv8pou 4 onoic rpotdrt

ro el.aqpro oe peyohitepi crn6otcroq nn6 ro toiltrlpo too rul"ivbpoD Kot yr' out6 to nd,1og tou

gr-l.p tou'labtori eivar peyohirepo. H 8rogopa tou n61oug tou <pr^l"p tou 1.c6rc6 peto$r t<ov 6rio

lp6vrov too Dslrepoo elaqpiou eivar peyotrr5teprl on6 autrl too nprirtoo el"atrlpiou Ttott Tl

5rcp6p<poor1 *u Ly"r, oto npogil. roD to 8zutepo elncrlpro eivcrt peloL'titeprl' H 8rivopq qq

rplbng etvai peyalri.tpt"l Yro toDq povoug 6nou to grl.p tou labrori eivor pxp6tepo' Auto

ouuord to 6tr ro p6poE qg 8rivapqq rTlg rpfng zou ogeil"etot ot 6Llsuyrl l.a6tor'1 61et

peyalr5tsprl orlpooia Kor-yt''tut6 to pxp6tepo n61oc, qr)"p Lc8tof brlptoupyei pryahltepq

btuoptl rpfng'o6pg<rrvu, p€ rnv E€.(6.6). To elntrlpn pero ptrp6repo nayoc,grl"p ln6tori elet

,r1u pryoi ittpq ariuopq rpfng (elactlpro) la8tori Kot to elntr'1pto pe to peyoh5tepo ndloq <pr'r"p

l.o6rori 61et qv ptrp6teprl 8rivopq rp#ng (npdrto elaclpro)'
Metprloe4 rqg 8rivopqq rnq rpfnq lwm6tepcr 8eilvouv 6tt 11 tprpr] crpli-(et npcbtc mc

verpd onF€io. Kcrpia ano :ilc, p€rprloeq 6ev eivat npretd, arp$qg Tur vo pa-c dtboer Fbips;
l,ertopspiug qg brivopng qq rplpnq rowd otcr verpd or1peia. Tc azrote)'iopcro opco: autc

urro8rll,cilvouv rdnoro pa0p6 ouppetpiaq rcowd orcr verpd olpeicl pt ro ;rerpcpcttxc

crnotel"6opoto.

Eopzep6opatc.

Aappdvovtol ro TlopoKdtol oupnepdopata:
1. fro to peyohitepo p6pog tou rc0rloD' Yto l,urowrr6 SAE 50,q o-uvol"rrrl tpfrl tolv

elntqpirov eivot utpo6uvcrptrd xat p6vo rowd oto ANI KOt oto KNI n tprprl eivcrt ptKrq'

2. H 6rivop4 rng rpfng eivcn DrcrgopettKn yra r60e elarrlpo. fto to l.mcrvnr6 SAE 50 oto

nprilto liorqpto ertipatei u8po8uvoprrrl l"furovo'r1 o1e66v nawof ratd tqv 8tdpreu tou

r6r].ou crLl.6 q rpf4 yro to elanlpro crut6 eivar ptorl u8po8ovoprrc4 rat prorl ptlcrtl. ftc to

Seurepo elarrlpro q ratd,oto,orl eivor q rcdnou oto w8urpeoo. lwrr6tepo 11 tprptl ttov

elatrlpi<rtv tou epB6iou pnopei vo eivot rupirog u8po8rwopucn t1 prtcrn_ro,l e(cptdtat cuno a1's

o-uvgrlreg Lewoopyiog rot d,l,lsq nopup6tpoD6 rng lrqlcvr1q Kot rng oxe8iaoqg tou elaulpiou.

3. yn6 xovoureg ouvenreg ),ertoupyftrc,ro nuTogtou qr-l,p l"o6rori tou rprbtou elnnlpiou eivor

ro peya?urirspo Kol ro, ilortlplou rou la8rof to ptrp6tepo.To nayoc, tou gr-]"pt ]n6tori tou

8eotepou e).aqpioo eivat peto$5 aut<irv trov 6rio'

4. H 6rivopq x11g tprprlg Kol ro naxoqtou qr-)"p tou la8rcri petogu tolv Xp6vrov 6noo to 6ppol'o

rrveitot Trpog to ANI rat trrlv 1p6vov Trou to 6pBol,o rcrveitct npoq to KNI 6ev eivat

o-upperpxd oe o16o11 pe qv 6urp6pgrool to trpogil. too elacrlplou.
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KEOAAAIO 7

EYMTIEPAXMATA.
'Ol,eq or 6peuveg noo e(eroorrlKov ov Kor nopouora(oov peyd).eq 6ro9ope,: orov rpono

npoo6ryrorlg rcto),qyouv 6).eg o1e56v oto [6ta yevrrcd, ottpzepcropcto. Av xot psptKt;

e(erd,(oov tittptltr*C rqv Lertoupyia rng )"inovoqq rot dl"L^eq zr€tpolroflKc 6sv urccplouv

o,ro.p&otrg. llprotop2grx6 p6Lo oTnv Korov6rlorl toug Kcr1 oTnv orl6pro-4 tou-c eno*e to

yeyov6g rou 6tt 6Lsg toug orrlpi(ovtor oro Suypoppo roD Stribeck to onoio cnoreiei rqv

|epel,trb8q p&or1 touq. fsvlr6tepa opf(ovtaq gn6 gtiv oDpTr€prgopcr trov ei'crqpicov rou

rppOlou 6).sg or 6peoveg rotol.r1youv 6tr rcrto r4v rivnorl tou epp6l"ou Trpo-q to '$iI Kot ro

I{NX ,rrup,ofuel Tl plcfil l,furovor1 ror rord rqv un6).ourq rivrlon uneprollel 11 u6poduvaprtrcl

),fuovor1. Katd o-uv6reic r'1 tollrqtc roD epp6l"ou Kol Tl tpo3rqto tou odparoi rou

rul.tv8pou zoi{ouv tov rupicplo p6lo oTrlv ovorrtuoo6pevrl rpfn. O tp6n-o-c oT.eOrcoporj

eivar t6totog rbote vo eovoeitor q u6po6uvoptr4 l,inovor1 Kol o€ ptrp6repo Bc0po q ptrrn'

apa na1r rcrrol,qyoope orov npcrrteoovrcr p6l.o nou noi(ei 11 topicqra. H 6r5vopq rr1-: tpfrl;

w6q ezuineSou el.orqpiou eivor prrp6teprl on6 ourq tou ru,pznil,ou eLarrlpiou rovta oro 'A'NI

Kol oto KNI 6nou 4 tolrlrrlto elvct ptrpq. H 8rivoprl Tng rprpn€ tou enbre8ou er'crrqpiou

oo(dveror Tpnyop0 rre rnv cri€non 1116 rcrxurrlrag dpo n rptpn tou etvor ptelaiurepl oro

peyopitepo Gpog rou r6x).ou Letroupliog. 
'Eror 

n *eoq 6rivapq rpfn-q n'og erine6ou

Lloqptou eivot peyohiteprl oe o16oq pe oDrn tou xopznil,ou sLarqpiou' H 0eo1 trov

eLar4pirrlv oto 6ppol.o rci(ow ptrp6 pol.o oe ox6on ps roDg d,Ll.oug no,poyovtec.

fto ro odrpo tou epBol.oo ,rcrpornpeiror rcr e66 orSyrl"rorl on6ryerrlv Kor YsvlKd rolpet

6rt 1 6wapq rptBrlg rou orbpcrtog tou epp6lou eivot crvdl,oyq F€ rnv torrrqro tou epp6l.ou.

Aur6 unodql.ritver 6at 11 8rivotrq TroD cogei ro 6ppol,o Trpog ro totgilpoto tou rul"iv6pou 6w

erqped(er rol.ri qv rpfll rou epp6l,ou yrod q petar6rnoq tou eppol"ou Trpog to totropa

eivot ,n1q rd€qq rov l5o/o too Drarcwou peto(ri rou oiopotoq Kot tou rcul"iv8pou. Auq r'1

).erroupyicl 61er oav onot6).eopo, to el.dpoxozlagog tou <pr).p tou )'a6rou vo eivor rTlq rdqng

roo 60yo rou 6rarwou. @ecopcovrog 6n to ouvoltr6 riryog trov ovtrrpol.trilv trrlv erntpaveuov

rou epp6)"o1 Kor rou rorlcrtpotoq nptrwt vo etvar rsptttort 5o/o tott Stcrfvou, 11 u8poSuvcptrtl

),inavoT'l npttwt uo u*piqoer rotd qv 6rd,pret0 ro'D rctrx),ou. Aurn n zopcrdpqorl 61et

eznBepatog ei ano 6leq rq 6peuveg. 
'Eror o<pori ywtr6tepo, unepto;rlet q u8po8uvotlttcn

).furavol t6te etvcrr qcrvep6 6o q tollrnro KOt o ouvtel.eornq tpfnq eivot ot rupdtepot

rEapayovrlq Trou ro0opl(ouv rqv tpfrl. Or uzr6].ornot no,pdlovteg 6trog errcwtp6tqro rou

neipoo too epp6l.oo Kot n po(o tou no,i(oov ptrp6tepo p6lo'

Av e(etdooupe rq epyuokg TEoD npoovog6p0qrcv roq fipog Dru,povrrrl toog o(io, r4v

noM"onl.rl egoppoyq KoL X,pqolponoirlorl roug, Tnv orplBeto trrlv oTrortLeopdtrov toDg, fi1v

nol,unl,orc6qrd toug *o, iou rpoqco npoo6ypoqg rov gepotr-rlv Troo TrpoTpotflSovtcr t6te

pruoporipe yrc rd,Oe pia (elroprotu. to or6l.ou0o.
i{ eplooin TroD ?rpoTporonou10qrc Tur rov opeplKdvrro otpct6 on6 tou-c Walter

Bryzik , litt t Tararva, rcor Naeim Henein eivor n)"r1pr1q, e(etd(er rq neproootepe:

nopopdtpoug on6 olsq rq 6Meg pe 0eropqorc6g xct fistpolroflKeq pe066ouq. ps opKetcr ury4)'r1

tsXvol.olia rar ovrbtepcr pa0qpocr6. Eivor pu eplooia 6nou 11 pe0o6oq nou cxo)"ouOeitct

pnopeivo eqoppoo€l oe op*tid peld]"o goopo pqlovrbv rot pnopet vq cnote/eoet rqv pcorl

T1g TretpoporrKfq pe).^6teg oe no1.L.0 epyoonlpto roroorceurlq pqlov6r'. Eivat noiuni-orq i.oyro

rrrlv poorlpaarrilv e(rccrroerrlv not: tttp:t'.j$er Kot Tou tp6nou Trou 7[pooeTriier rqr' /'ettoupyt'c

rou epp6Lu ol.Ld outoi ot 6rio no,poyovteg rqv rcdvouv toot6lrovo 7no dnpovrrrl Kol r0

o,norel.fopoto rqq 61ouv pelotrurepq orpipeic.
Oi Orlo rploot"q zou npofplowcrt otr6 to epyoorr'1pra pe)."et6v rqg General Motors yta

rrlv rol,r5reprl o(tol.6yr1or'1 toug 0o zp6ner vo Oeoprl0oriv coq pio n onoia napouora(tl nlv

prl€rq rqg'l.urroupfag'tcov eLocr'lpirrlv KOr ro1 orbpgtoq tou epB6)'oD p{i, oov rn ouv6leyr
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n pi.o qq 6)").n6. H epyaoto oud 6Xer yiver yra ouyrerptpdvo runo pqlavcbv ot otroi,s(
o6qyr10r1rov orqv Tropoyotyq. fr' our6v to l,o1o crv Kor etvor ernorqpovtro reKpnptcopsvl Kot
eripr1oq 6w 61er erpoppoyl oe peyd),o zebio. Asv eivcrr notrrin)"orq Kor q egoppoyq rqg eivar
eurol"q.

H eplaolc trov rupirrrv Mr1]"rorou, flcnovootooiou ror Patterson av rcct eivct
fipoysveorepq rpoytlotgferor qv rpfrl tou orbpatoq Kol rtrlv s)"a,rr1picov tou eprpo).ou tt€
avrilrepo po0qpoarco rat relyol"oyio to i6ro uqrr1)"rl p€ 16 petoyev6otepeg epyaoieq. 

'E1er

6u1rovrrcr1 o(ia ror rd,l.l.roro pnopei vo onorel.6oel filv Faor1 yto petayev6otepe-c 6peuveq. O
rponoc, npoo6lyuqq rov Oepdtrov TroD rrpoTporeferor eivor nol"rl ovcr)"uaroq Kot ro
crnorel.6opato rrlq lpyovrot oe crDpgrovia pe rK uz6l,orzreq.

KLeivovrog nptner va 6 nrpwrotei 6rt 6Leg or epyooieg 61ouv npo6).0er ano -in1
prp),rolpogic yro,ri 6Le6 elouv y[ver oe X6psq rou e(roteptrori ].6yo rng tno o\'€nruYpsvTj:
tslyol,oyioq rov pqlovrilv r(ot rnq orlpooioq zrou 6tveto,t orov top6o rqg 6pan'c;.
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